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Fig. 4
Various CCPN/CPN complexes
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Fig. 4 (continued)
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Fig. 23. Reaction types allowing simultaneous reaction and linker cleavage.

Nucleophilic substitution using activation of electrophiles

A, Acylating monomer building blocks - principle

LLL

Nu = Oxygen- , Nitrogen- , Sulfur- and Carbon Nucleophiles

B. Acylation
Amide formation by reaction of amines with activated esters
-~ /-\ H
S.__R H
\’r HZNW RTN]
° 0
C. Acylation

Pyrazolone formation by reaction of hydrazines with B—Ketoesters

R
R /——\ NH
;(\\f]/ker' HzNHN\l XH R{}q
o \‘

o O

D. Acylation
Isoxazolone formation by reaction of hydroxylamines with f—Ketoesters

R'
R ,— 7o)
?WR‘ HOHN1 XH R’%\/h
0 \‘

o O
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Fig. 23 (continued)
Reaction types allowing simultaneous reaction and linker cleavage. Continued.

E. Acylation
Pyrimidine formation by reaction of thioureas with p—Ketoesters

N

N
-~ R N R'j[:::fs
X R HN_H H L4

F. Acylation
Pyrimidine formation by reaction of ureas with Malonates

-

———

G. Acylation
Coumarine or quinolinon formation by a Heck reaction followed by a nucleophilic

substitution

X=0 X'=Halogen, OTf,OMs  Z=0,NH
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Fig. 23 (continued)
Reaction types allowing simultaneous reaction and linker cleavage. Continued.

H. Acylation
Phthalhydrazide formation by reaction of Hydrazines and

Phthalimides

op\ﬁR Z(EY
-1

1. Acylation
Diketopiperazine formation by reaction of Amino Acid Esters

R
R N HN’R R r'\l (o}
“~
X RX XH
0 :I;'H 0 o 'lq
———— R
X=0,8 R'=H,R

J. Acylation
Hydantoin formation by reaction of Urea and o-substituted Esters

M- al

X=0,8 X =Hal, OTos, OMs, etc.
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Fig. 23 (continued)
Reaction types allowing simultaneous reaction and linker cleavage. Continued.

K. Alkylating monomer building blocks - principle
Alkylated compounds by reaction of Sulfonates with Nucleofiles

"\s? 72N xH
Fil-rma

Nu = Oxygen- , Nitrogen- , Sulfur- and Carbon Nucleophiles

L. Vinylating monomer building blocks - principle

o Z
53 \J:)/:)\R /krR..
oC R

\ \g \—/NU :SOS- Nu

Z=CN, COOR, COR, NO,, SOzR, S(=0)R, SONRy, F
Nu = Oxygen- , Nitrogen- , Sulfur- and Carbon Nucleophiles

M. Heteroatom electrophiles
Disulfide formation by reaction of Pyridyl disulfide with mercaptanes

N
@ W a
>) HS = SH RS
_jl_ S:\.
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Fig. 23 (continued)

Reaction types allowing simultaneous reaction and linker cleavage. Continued.

N. Acylation
Benzodiazepinone formation by reaction of Amino Acid Esters
and Amino Ketones
R /— N
m)\NHg HN XH R
O~ R _L
X=0,8

Addition to carbon-hetero multiple bonds

0. Wittig/Horner-Wittig-Emmons reagents
Substituted alkene formation by reaction of Phosphonates with Aldehydes or Ketones

R*

Q\)\ R

\\ ~OH Ewg
‘E/P\OR j‘ i OR i

Ewg = CN, COOR, COR, NO,, SO3R, S{(=O)R, SO2NR;, F ett.

P. Wittig/Horner-Wittig-Emmons reagents
Substituted alkene formation by reaction of Phosphonates with Aldehydes or Ketones

Pf

0 Ao Bwg. R
AN,

Ewg = CN, COOR, COR, NO,, SO;R, S{=0)R, SO,NRy, F etc.
Ar = aryl, hetaryl



U.S. Patent Sep. 1, 2015 Sheet 30 of 51 US 9,121,110 B2

Fig. 23 (continued)

Reaction types allowing simultaneous reaction and linker cleavage. Continued.
Transition metal catalysed reactions

Q. Transition metal cat. Arylations

,A,/—\
[—1—-[ -

Z = haloaryl, hatohetaryl, ArOMs, ArOTT, ArOTos or NHR or OH or SH etc.
Z* = Aryl, hetaryl, NRor O or S efc

M =e.g. BR, BRy", SnR; etc.

R = H, alkyt, ary}, hetaryl, OR, NR;

M* = a.g. BIOH)R, B(OH)R;", Si(OH)R; etc.

R. Arylation
Biaryl formation by the reaction of Borates with Aryls or Heteroaryls

o,B-Ar‘ x‘Ar o,B~OH Ar'\Ar
\_/ l

X = Halogen, OMs, OTf, OTos, etc

S. Arylation
Biaryl formation by the reaction of Boronates with Aryls or Heteroaryis

2 ar \“OH
B XAz B

X = Halogen, OMs, OTf, OTos, elc
Ar = aryl, hetaryl
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Fig. 23 (continued)

Reaction types allowing simultaneous reaction and linker cleavage. Continued.

T. Arylation
Biaryl formation by the reaction of Boronates with Aryls or Heteroaryls

(o]
°\\s'1 (Ho)zB

AI"\
D e ]
U. Arylation

Arylamine formation by the reaction of amines with activated Aryls or Heteroaryls

P

S A

Q.0
0 RHN SI‘O’ A" NR
V. Arylation

Arylamine formation by the reaction of amines with hypervalent iodonium salts

™~1-1 71
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Fig. 23 (continued)
Reaction types allowing simultaneous reaction and linker cleavage. Continued.

X. Arylation
Vinylarene formation by the reaction of alkenes with Aryls or Heteroaryls

Q R

’\B-Ar'/\‘x C}B..oH R
‘\/ ~ ° o -
— R

X = Halogen, OMs, OTY, OTos, eic

Y. Alkylation
Alkylation of arenes/hetarens by the reaction with Alkyl boronates

-

X = Halogen, OMs, OT{, OTos, efc

Z. Alkylation
Alkylation of arenes/hetarenes by reaction with enolethers

R\f /\x. RIO

A, OH R A

X =Halogen, OMs, OTf, OTos, etc
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Fig. 23 (continued)
Reaction types allowing simultaneous reaction and linker cleavage. Continuned.
Nucleophilic substitution using activation of nucleophiles

AA. Condensations
Alkylation of aldehydes with enolethers or enamines

le TN, "o R
A=

Z=NR, O; X = Halogen, OMs, OTf, OTos, etc

AB. Alkylation
Alkylation of aliphatic halides or tosylates with enolethers or enamines

s SR .
\_/] L

X = Halogen, OMs, OTf, OTos, eic

Cycloadditions

AC. [2+4] Cycloadditions

Ra~ R4
| /R4 RaRigy
Ry Rs Rr-Re R3 Ry

Z=0,NR
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Fig. 23 (continued)

Reaction types allowing simultaneous reaction and linker cleavage. Continued.

AD. [2+4] Cycloadditions

Ry YIH Ra Ry

Ra~ ~ Ry Re g R;
xRs 046, Re ‘035
Rq ) R4 Re l

Y = CN, COOR, COR, NOz, SO2R, S(=0)R, SO2NR2, F

AE, [3+2] Cycloadditions
Y
Y _H N
L N:IXRz

Na Ry
[ -‘R, ozs} [R, 'oas:

Y = CN, COOR, COR, NO,, SOzR, S(=0)R, SO2NR2, F

AF. [3+2] Cycloadditions

Y
o Y _H 0
N ID Ng \
R& Rz
Ry oz,SJ Ry ‘oss:

Y = CN, COOR, COR, NO,, SO3R, S{=0)R, SOzNRp, F
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Fig. 24.

Pairs of reactive groups X,Y and the resulting bond XY.
Nucleophilic substitntion reaction

. 5 ]
+ R —
R-X R—O' R-O—R' ETHERS R_{qr + R—NH, — R THIOAMIDES
R-X + R-—5 - R~S-R' THIOETHERS HNR
o}
RX + R—NH, . R—*}‘:‘R' sec- AMINES R—{ * R—NH, — R—< AMIDES
. R HN-R*
R-X + R.—{::—R' — R—IERI—R' ter-AMINES s
" k{_ﬂ + R—NH. 2 —— R—« THIOAMIDES
B-HYDROXY ] HN-R"
* RO0 —= ETHERS
'rOH o
H R p-HYDROXY R—X  + — I OXIMES
72\\ * R — 9——; THIOETHERS R"\R’ R/LR'
0 HQ NHR H ’ _gr SULFONAMIDES
. B-HYDROXY R—S0Cl + p-N. o —~ RSO
7’-\\ + R—NH, — 4—(\ AMINES RTR R
z z Di- AND TRI-
R . RHN OR o aino R—Xx + R—Q@ —= R—{gx  FUNCTIONAL
7&\\ R—O" % ETHERS b4 z COMPOUNDS
z z
. DI- AND TRK
0 i . o} AMIDES R'—{ + RQ R"Qf FUNCTIONAL
R4+ rR—NH, — RX z ZR  COMPOUNDS
o—R HN-R"
0 0 :
e T AMIDES Zz = COOR, CHO, COR, CONR%, COO',
HN—R"
NOz,  SOR, SO;R, SOMNR,, CN, ec.
L ..

Aromatic nucleophilic substitution = Transition metal catalysed reactions

(sussnwrso AROMATIC COMPOUNDS
z z
AN NG, NPy NCMR v, suesTiTuTep
R—,r\x + R—Nu ~—= Ry Rg J *+ R — Ry g AROMATIC COMPOUNDS
Tz % 4
N PEX N ALKYN SUBSTITUTED
Nu = Oxygen- , Nitrogan- , Sulfur- and Carbon Nuclaophiles R‘O + R—= — R _ AROMATIC COMPOUNDS
X =F, Cl, Br, 1, 030;CHs, OS0;CF3, 0S0,TOL, , , etc.
- . : M A BIARYL
z'.Z = COOR, CHO, COR, CONR", COO", CN, R_{j v Ar—x PUFPhY R.@’ GOMPOUNDS
NO;. SOR, SO;R, SONR". , ec. s &
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Fig. 24. (continued)

Sheet 36 of 51

Pairs of reactive groups X,Y and the resulting bond XY. Continued.

Addition to carbon-carbon multiplebonds

R-_//_-R + R*—X
|

llll
S o e

s

ETHERS THIO- HYDRA-  HYDROXYLAMINE
ETHERS AMINES AMINES ZNES  ETHERS
z “Z}_R Z;")Svi MuLTY z> . Di- AND TRI - )
+ «  FUNCTIONAL ‘= N FUNCTIONAL
. z =
R g_ zt COMPOUNDS z Z,?/\/Z' ALKENES
Z =H, Ayl Z, Ar Z = H, All, Ar
Z"= GOOR, CHO, COR, CONR™,, CN, z'=Z, Alig, Ar,
NO;, SOR, SO0:R, SONR%,, egl. 7 = COOR, CHO, COR, CONR";, CN, NO, SOR,
= R=R,=R"% = Z SO,R, SONR%, ect.
Cycloaddition to multiple bounds
R R R R O
R z R z R R
Z SuBSTI < SUBSTITUTED
~ [ — CYCLOALKERES S - CYCLOALKENES
R R R R R N
R R R o]
) z I R R SUBSTITUTED
R R z
z ., I — SUBSTITUTED B Vs CYCLOALKENES
N CYCLODIENES R R R
R R R R R o R
R R
o 3 NN Z = COOR, CHO, COR, COOH COAr CN, NOg.
I S SUBSTITUTED Ar, CHZOH, CHANH, CH,CN, SOR, SOR etc.
N3 R 1,2.3-TRIAZOLES
R R z R = H, Alkyl, Ar, Z X = O, NR, CRy, S,

US 9,121,110 B2
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Fig. 24 (continued)

Pairs of reactive groups X,Y and the resulting bond XY. Continued.

Addition to carbon-hetero multiple bonds

o I o2 R
R ))l\ B-Hydroxy Ketones I + /ﬁ\ Substituted
R + R™ R —_— R R Al R » —_— RN R
K dehydes 1 R* R R R Alkenes

R R’ re  P-Hydroxy yd; Oet ]

SIS S | 2 . R T—

Vinyl Ketones + —_— ubstitute
RTROR 1 R yinyl Aldehydes \)LR R H R Alkenes
- oy
2z z -
R Substhuted Alkenes 2,Z = COOR, CHO, COR, CONR™,, CN, NO,,SOR,
z SO;R, SO;NR", ect.  R" = H, Alikyl, Aryl
o R" '
R )y *\f_ Substituted Z = COOR, CHO, COR, SOR, SOzR, CN, NO, ect,
:}—-R +CHO ¢ NH — w’ V2 Amines
R R = R', H, Alkyl, Ar,
0 L
NaBHaCN . Substituted R®* = R, H, Alkyl,COR,
RNH, 4 R'/ILR =Rl R /l\',‘lH Amines
R
L
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Fig. 25. Cleavable Linkers

A. Linker for the formation of Ketones, Aldehydes, Amides and Acids

0; - 0
R./’Q§—€_€ e 0wl

X =0, NH,NR

B. Linker for the formation of Ketones, Amides and Acids

Cﬁ/R
Ra_X - R
— NO |, HX
350 nm
X=0, NH,NR

C. Linker for the formation of Aldehydes and Ketones

R R
hv R i
— N
N0 “a50 nm No R R

D. Linker for the formation of Alcohols and Acids

+
H @ + ROH
—_—

E. Linker for the formation of Amines and Alcohols
[+ +
X Mer Mo D r
H
F. Linker for the formation of Esters, Thioesters , Amides and Alcohols
R\O’V\R' = Fon e R-ix

X=0,8, NHR, NRy

G. Linker for the formation of Sulfonamides and Alcohols

?ﬁ;&g UOP;;HzO R.\OH - R_E-'ﬁ

H. Linker for the formation of Ketones, Amines and Alcohols

XR

R
v
& 5= &
X=0,HN,NR
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Fig. 25 (continued)
Cleavable Linkers

1. Linker for the formation of Ketones, Amines, Alcohols and Mercaptanes
/%,ND, rr/‘5)/%) + HX-R
350 nm
X=0, 5 NH,NR
J. Linker for the formation of Biaryl and Bihetaryl
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K. Linker for the formation of Benzyles, Amines, Anilins
Alcohols and Phenoles
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L. Linker for the formation of Mercaptanes

R‘—-f_R HTOI_> R—SH + R-SH
TCEP = iris{2-carboxyethy)phosphine

M. Linker for the formation of Glycosides

R .__> R\
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N. Linker for the formation of Aldehydes and Glyoxylamides
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0. Linker for the formation of Aldehydes, Ketones and
Aminoalcohols
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QUASIRANDOM STRUCTURE AND
FUNCTION GUIDED SYNTHESIS METHODS

TECHNICAL FIELD OF THE INVENTION

One aspect of the present invention is directed to methods
for the synthesis of molecules in which the steps of synthe-
sising the molecule from a plurality of reactants or functional
entities is guided by connector polynucleotides (CPNs)
capable of hybridizing to complementary connector poly-
nucleotides (CCPNs) harbouring at least one functional entity
comprising at least one reactive group.

As at least one of said CCPNs hybridize to at least two
CPNs, it will be possible to bring together at least two CPNs
to which further CCPNs can hybridize. Accordingly, each
CPN will “call” for one or more CCPNs capable of hybridis-
ing to the CPN.

Following the formation in the above-described way of a
supramolecular hybridization complex comprising a plurality
of CPNs and a plurality of CCPNs, the reaction of reactants or
functional entity reactive groups result in the formation of at
least one molecule comprising the reaction product generated
by the reacted reactants, such as e.g. a molecule comprising
covalently linked functional entities.

The formation of the molecule involves reacting the plu-
rality of reactants, said reactions resulting e.g. in the transfer
of functional entities from one or more “donor CCPNs” to at
least one “acceptor CCPN” with which the transferred func-
tional entities were not covalently associated prior to the
transfer.

Transferring at least one functional entity from one CCPN
to another CCPN and reacting the reactants can in one
embodiment result in the formation of a molecule e.g. com-
prising covalently linked functional entities without the
“donor CCPNs” being covalently linked once the molecule
has been generated. Accordingly, in one embodiment, once
the reactants have reacted and the molecule has been formed,
the “donor CCPN’s” are not covalently linked e.g. by cova-
lent bonds between functional entities constituting the mol-
ecule. In this embodiment, the cleavage of covalent bonds
between reactants, or functional entities, and “donor
CCPNs”, also prevent the “donor CCPNs” from being
covalently linked to each other.

Both the CPNs and the CCPNs comprise a polynucleotide
part. The formation of the molecule comprising reacted reac-
tants, such as e.g. covalently linked functional entities, does
not involve a step of cleaving the polynucleotide part of a
CPN or a CCPN. In this way the methods of the present
invention are different from state of the art polynucleotide
ligation and restriction reactions.

BACKGROUND OF THE INVENTION

Ribosome mediated translation involves hybridising the
anti-codon of tRNAs to a mRNA template and generating a
bond between the amino acid residues harboured by the
tRNAs. Only 2 reactive groups are reacted in order to generate
the peptide bond between neighbouring amino acid residues
in the growing peptide chain. Ribosome mediated translation
employs the principle of template directed synthesis and does
not involve hybridization of a plurality of connector poly-
nucleotides (CPNs) to a plurality of complementary connec-
tor polynucleotides (CCPNs). Another difference between
ribosome mediated translation and the method of the present
invention is that in the present method for synthesising at least
one molecule, at least 1 CCPN hybridizes to at least 2 CPNs.
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Additional examples of template directed synthesis meth-
ods are disclosed in WO 93/03172 (Gold et al.) and WO
02/074929 (Liu et al.). The methods of the present invention
are not related to template directed synthesis as no templates
are employed in the methods of the present invention.

Enzymatic ligation and chemical ligation are processes
well known in the art. In some cases only 2 reactive groups
react in order to generate a product. An example is a reaction
between e.g. a 5'-phosphate group of a nucleotide and a 3'-hy-
droxy group of another nucleotide.

In one embodiment of the present invention, the synthesis
and formation of a molecule in accordance with the methods
of the present invention does not result in polynucleotides
being covalently linked once the molecule has been formed.
Rather, the plurality of CCPNs having donated functional
entities to the synthesis of the molecule comprising reacted
reactants, such as e.g. covalently linked functional entities,
remain hybridised to one or more CPNs and do not become
covalently linked once the molecule comprising covalently
linked functional entities has been generated.

SUMMARY OF THE INVENTION

The present invention alleviates a number of short-com-
ings associated with prior art methods and solves a number of
problems related to the limited applicability of template
directed synthesis methods used for generating large libraries
of molecules.

Template directed synthesis employs a single template of
covalently linked nucleotides for the synthesis of a molecule.
Once the template is defined by its sequence the number and
kind of anti-codons or transfer units capable of hybridizing to
the codons of the template have de facto also been defined.
This is not the case with the quasirandom structure and func-
tion guided synthesis methods of the present invention in
which a connector polynucleotide (CPN) guides the synthesis
of'a molecule by calling for complementary connector poly-
nucleotides (CCPNs) capable of hybridizing to the CPN. This
is illustrated in FIG. 2.

Unlike template directed synthesis methods in which the
sequence of codons of the template determines the sequence
of anti-codons or transfer units hybridizing to the template,
the final structure of a supramolecular complex comprising a
plurality a CPNs and a plurality of CCPNs cannot readily be
predicted in all cases prior to carrying out the quasirandom
structure and function guided synthesis methods of the
present invention.

The quasirandom structure and function guided synthesis
methods of the present invention—being less deterministic
than template directed synthesis methods relying exclusively
on apredetermined codon sequence—has anumber of advan-
tages over template directed synthesis methods.

The individual molecules of the present invention are gen-
erated during or after the formation of a higher order poly-
nucleotide complex comprising a plurality of connector poly-
nucleotides (CPN’s) and a plurality of complementary
connector polynucleotides (CCPN’s) of which at least some
CPN’s and/or CCPN’s are carrying reactants such as e.g.
functional entities/chemical moieties, wherein said reactants
are either precursor components to be used in the synthesis of
the molecule (i.e. components which can be reacted, act as
catalysers, be spatially rearranged, or otherwise altered in
structure and/or function) and/or components which can oth-
erwise be integrated into the synthesized molecule.

The association of two complementary connector poly-
nucleotides through a connector polynucleotide ensures one
or more of the following desirable characteristics:
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A high reactivity between functional entities present on
different CCPN’s (because of a high proximity/local concen-
tration of reactants such as functional entity reactive groups),

a controllable reactant reactivity (i.e. functional entity
reactive groups of complementary connector polynucleotides
of' a complex react with each other, and not with functional
entity reactive groups of complementary connector poly-
nucleotides of other complexes), and

an efficient selection of desirable molecules is ensured
through iterative cycles of screening and amplification of
connector polynucleotides, optionally including one or more
“shuffling” steps (“shuftling” in this context includes mixing
of connector polynucleotides to obtain complexes e.g. com-
prising the same connector polynucleotides, but in new com-
binations, or located in different positions).

Further advantages of the present invention relate to desir-
able features of higher order hybridization complexes com-
prising a plurality of connector polynucleotides (CPN’s) and
complementary connector polynucleotides (CCPN’s). The
advantages include, among other things:

A desirable variability in the number of reactants which
can be provided for the synthesis, i.e. the ability to vary the
number of complementary connectors (CCPN’s) for each
molecule within a library, thus providing a high degree of
flexibility in the generation of libraries of chemical com-
pounds.

Libraries of e.g. 10® or more chemical compounds can be
generated with a relatively low diversity of CCPN’s—unlike
libraries of a similar size generated from template directed
methods, which require a much higher number of anti-codons
or transfer units to be used, as no variability can be achieved
for the template directed methods.

A high variation in the degree of functionalization of scaf-
folds is possible, i.e. allowing diversification of branching
degree.

It is possible to generate a library—and to further evolve
the library—by exploiting CCPN “cross-talk”, i.e. the ability
of' one CCPN reactant to preferably react with a subset of all
available CCPN reactants.

The methods can employ a large set of scaffolds and allow
a diverse set of attachments chemistries to be used for diver-
sifying scaffolds or libraries of chemical compounds.

Inherent shuffling steps can be used for evolving scaffolds
and chemical libraries, including steps in which connector
polynucleotides are mixed to obtain complexes e.g. compris-
ing the same connector polynucleotides, but in new combi-
nations, or located in different positions.

Short oligonucleotides can be used in the methods of the
present invention. This offers a cost effective means for gen-
erating large libraries. The oligonucleotides used in the meth-
ods of the present invention are much shorter than the often
very long oligonucleotides used in prior art methods exploit-
ing template directed synthesis of chemical compounds.

In a first aspect there is provided a method for synthesising
a molecule comprising the steps of

1) providing a plurality of connector polynucleotides each

capable of hybridizing to at least 1 complementary con-
nector polynucleotide,

i1) providing a plurality of complementary connector poly-

nucleotides selected from the group consisting of

a) complementary connector polynucleotides compris-
ing at least 1 functional entity comprising at least 1
reactive group,

b) complementary connector polynucleotides compris-
ing at least 1 reactive group,

¢) complementary connector polynucleotides compris-
ing at least 1 spacer region,
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iii) hybridizing at least 2 complementary connector poly-
nucleotides to at least 2 connector polynucleotides,
wherein at least 2 of said complementary connector
polynucleotides comprise at least 1 functional entity
comprising at least 1 reactive group,

wherein at least 1 of said complementary connector
polynucleotides hybridizes to at least 2 connector
polynucleotides, and

iv) reacting at least 2, such as 3 or more functional entity
reactive groups by reacting at least 1 reactive group of
each functional entity,
wherein the reaction of said functional entity reactive

groups results in the formation of the molecule by
covalently linking at least 2 functional entities pro-
vided by separate complementary connector poly-
nucleotides.

In a further aspect there is provided a method for synthe-

sising one or more molecule(s) comprising the steps of
1) providing a plurality of connector polynucleotides each
capable of hybridizing to at least 1 complementary con-
nector polynucleotide,
ii) providing a plurality of complementary connector poly-
nucleotides selected from the group consisting of
a) complementary connector polynucleotides compris-
ing at least 1 functional entity comprising at least 1
reactive group,

b) complementary connector polynucleotides compris-
ing at least 1 reactive group,

¢) complementary connector polynucleotides compris-
ing at least 1 spacer region,
iii) hybridizing at least 2 complementary connector poly-
nucleotides to at least 2 connector polynucleotides,
wherein at least 2 of said complementary connector
polynucleotides comprise at least 1 functional entity
comprising at least 1 reactive group,

wherein at least 1 of said complementary connector
polynucleotides hybridizes to at least 2 connector
polynucleotides, and
iv) reacting at least 2, such as 3 or more functional entity
reactive groups by reacting at least 1 reactive group of
each functional entity,
wherein the reaction of said functional entity reactive
groups results in the formation of the molecule by
covalently linking at least 2 functional entities pro-
vided by separate complementary connector poly-
nucleotides,

wherein the molecule comprising covalently linked
functional entities is linked to a the polynucleotide
part of a complementary connector polynucleotide,

wherein the molecule does not comprise the linker and
the polynucleotide part of said complementary con-
nector polynucleotide,

wherein complementary connector polynucleotides
hybridized to connector polynucleotides are not
linked by covalent bonds,

wherein connector polynucleotides hybridized to
complementary connector polynucleotides are not
linked by covalent bonds, and

wherein the method does not involve ribosome mediated
translation.

In a still further aspect there is provided a method for

synthesising at least one molecule comprising the steps of

1) providing a plurality of connector polynucleotides each
capable of hybridizing to at least 1 complementary con-
nector polynucleotide,

ii) providing a plurality of complementary connector poly-
nucleotides selected from the group consisting of
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a) complementary connector polynucleotides compris-
ing at least 1 reactant comprising at least 1 reactive
group

b) complementary connector polynucleotides compris-
ing at least 1 reactive group,

¢) complementary connector polynucleotides compris-
ing at least 1 spacer region,

iii) hybridizing at least 2 complementary connector poly-
nucleotides to at least 2 connector polynucleotides,

wherein at least 2 of said complementary connector poly-
nucleotides comprise at least 1 reactant comprising at
least 1 reactive group,

wherein at least 1 of said complementary connector poly-
nucleotides hybridizes to at least 2 connector polynucle-
otides, and

iv) synthesising the at least one molecule by reacting at
least 2 reactants.

In a further aspect there is provided a method for synthe-
sising at least one molecule comprising the steps of

1) providing a plurality of building block polynucleotides
each capable of hybridizing to at least 1 other building
block polynucleotide,

wherein said building block polynucleotides are selected
from the group consisting of
a) building block polynucleotides comprising at least 1

reactant comprising at least 1 reactive group

b) building block polynucleotides comprising at least 1
reactive group,

¢) building block polynucleotides comprising at least 1
spacer region,

i) forming a hybridization complex comprising at least 4
building block polynucleotides,

wherein at least 2 of said building block polynucleotides
comprise at least 1 reactant comprising at least 1 reactive
group,

wherein at least 1 of said building block polynucleotide
hybridizes to at least 2 other building block polynucle-
otides, and

iii) synthesising the at least one molecule by reacting at
least 2 reactants.

In a still further aspect there is provided a method for
synthesising a plurality of different molecules, said method
comprising the steps of

1) providing a plurality of connector polynucleotides each
capable of hybridizing to at least 1 complementary con-
nector polynucleotide,

i1) providing a plurality of complementary connector poly-
nucleotides selected from the group consisting of
a) complementary connector polynucleotides compris-

ing at least 1 functional entity comprising at least 1
reactive group,

b) complementary connector polynucleotides compris-
ing at least 1 reactive group,

¢) complementary connector polynucleotides compris-
ing at least 1 spacer region,

iii) hybridizing the plurality of connector polynucleotides
and complementary connector polynucleotides, thereby
forming a plurality of different hybridisation complexes,
each hybridisation complex comprising at least 2
complementary connector polynucleotides and at least 2
connector polynucleotides,
wherein, for each of said hybridisation complexes,
at least 2 of said complementary connector polynucle-

otides comprise at least 1 functional entity comprising
at least 1 reactive group, and
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at least 1 of said complementary connector polynucle-
otides hybridizes to at least 2 connector polynucle-
otides, and
iv) reacting at least 2 functional entity reactive groups of
each complex by reacting at least 1 reactive group of
each functional entity,
wherein, for each hybridisation complex, the reaction of
said functional entity reactive groups results in the for-
mation of a different molecule by covalently linking at
least 2 functional entities provided by separate comple-
mentary connector polynucleotides, thereby synthesis-
ing a plurality of different molecules.
In a still further aspect there is provided a method for
identification of at least one molecule having desirable char-
acteristics, said method comprising the steps of
1) targeting a plurality of different molecules to a potential
binding partner, wherein the plurality of different mol-
ecules are a) synthesised by any of the methods cited
herein for synthesising at least one molecule, or b) syn-
thesised by the below mentioned method steps iii) and
),
ii) selecting at least one of said molecules having an affinity
for said binding partner,
iii) isolating connector polynucleotides from the selected
molecules of step ii),
iv) optionally, hybridizing the connector polynucleotides
isolated in step iii) to a plurality of complementary con-
nector polynucleotides selected from the group consist-
ing of
a) complementary connector polynucleotides compris-
ing at least 1 functional entity comprising at least 1
reactive group,

b) complementary connector polynucleotides compris-
ing at least 1 reactive group,

¢) complementary connector polynucleotides compris-
ing at least 1 spacer region,

reacting the functional entity reactive groups, thereby
generating at least one molecule by linking at least 2
functional entities provided by separate complemen-
tary connector polynucleotides, and

performing steps 1), ii), and iii) above for the at least one
molecule generated in step iv), and

v) decoding the nucleic acid sequence of isolated connec-
tor polynucleotides to reveal the identity of functional
entities that have participated in the formation of the
molecule(s) having an affinity for said binding partner.

In a still further aspect there is provided a method for
selecting at least one bifunctional molecule comprising a
hybridisation complex linked to at least one molecule part
comprising reacted reactants, such as covalently linked func-
tional entities, wherein each complex comprises a plurality of
connector polynucleotides (CPNs) and a plurality of comple-
mentary connector polynucleotides (CCPNs) having guided
the synthesis of the molecule, wherein at least 2 of said CPN’s
and/or said CCPNs have each donated at least one reactant,
such as at least one functional entity, to the method for syn-
thesising the at least one molecule, wherein the complex
comprises as least 1 CCPN hybridized to at least 2 CPNs, said
method comprising the steps of targeting a plurality of the
bifunctional molecules to a potential binding partner for the at
least one molecule part ofthe bifunctional molecule linked by
at least one linker to a CPN and/or a CCPN of the hybridiza-
tion complex, wherein said binding partner has an affinity for
the molecule part of the bifunctional molecule, and selecting
at least one of said bifunctional molecules comprising at least
one molecule part having an affinity for said binding partner.
The method optionally comprises the further step of decoding
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the hybridisation complex, preferably by identifying the
CPNs and/or the CCPNss forming the hybridisation complex,
or part thereof, of the bifunctional molecule, and thereby
identifying the molecule part of the bifunctional molecule.
The decoding can involve ligating individual CPNs and/or
ligating individual CCPNs of the hybridisation complex,
optionally a ligation preceded by a polynucleotide extension
reaction filling in any gaps between hybridised CPNs and/or
hybridised CCPNs, amplifying the ligated CPNs and/or the
ligated CCPNs, or amplitying at least part of the polynucle-
otide part of the ligated CPNs and/or the ligated CCPNs,
sequencing the amplified part(s), and thereby determining the
identity of the CPNs and/or CCPNs forming part of the
hybridisation complex, or determining at least part of said
identity allowing a conclusive identification of the individual
CPNs and/or the individual CCPNS.

In yet another aspect there is provided a method for evolv-
ing a plurality of bifunctional molecules comprising a
hybridisation complex linked to at least one molecule part
comprising reacted reactants, such as covalently linked func-
tional entities, wherein each complex comprises a plurality of
connector polynucleotides (CPNs) and a plurality of comple-
mentary connector polynucleotides (CCPNs) having guided
the synthesis of the molecule, wherein at least 2 of said CPNs
and/or said CCPNs have each donated at least one functional
entity to the method for synthesising the of at least one mol-
ecule, wherein each complex comprises as least 1 CCPN
hybridized to at least 2 CPNs, said method comprising the
steps of selecting at least one bifunctional molecule, option-
ally by performing the immediately above-cited method for
selecting at least one bifunctional molecule, isolating CPNs
from said complex, optionally by ligating the CPNs and
cleaving the ligation product with suitable restriction
nucleases, thereby obtaining isolated CPNs, further option-
ally by performing a polynucleotide extension reaction prior
to performing the ligation reaction in order to close any gaps
between the CPNs, providing a plurality of CCPNs at least
some of which comprise a reactant, such as a functional entity
comprising a reactive group, hybridising said isolated CPNs
and said plurality of provided CCPNs, reacting reactants,
such as reacting functional entity reactive groups of said
CCPNs comprising such groups, optionally repeating any
one or more of the aforementioned steps, and evolving a
plurality of different bifunctional molecules.

In a further aspect of the invention there is provided a
bifunctional molecule obtainable by any of the methods of the
invention and comprising a molecule part formed by reaction
of'reactants, such as functional entities, and a nucleic acid part
formed by hybridisation between at least 2 complementary
connector polynucleotides and at least 2 connector poly-
nucleotides, including a nucleic acid part formed by hybridi-
sation between at least the polynucleotide entity of 2 comple-
mentary connector polynucleotides and at least the
polynucleotide entity of 2 connector polynucleotides.

In yet another aspect there is provided a composition of
bifunctional molecules obtainable by any of the methods of
the invention, wherein each member of the composition com-
prises a molecule part formed by reaction of reactants, such as
functional entities, and a nucleic acid part comprising a
hybridisation complex between at least the polynucleotide
entity of 2 complementary connector polynucleotides and at
least the polynucleotide entity of 2 connector polynucle-
otides.

There is also provided a hybridization complex comprising
a plurality of connector polynucleotides and a plurality of
complementary connector polynucleotides, wherein the com-
plex comprises as least 2 complementary connector poly-
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nucleotides hybridized to at least 2 connector polynucle-
otides. The hybridisation complex can be regarded as an
intermediate product in the process of generating the above-
mentioned bifunctional molecule(s). Accordingly, a hybridi-
sation complex can be present prior to or during molecule
synthesis, but once the molecule has been synthesised, it
forms part of a bifunctional molecule further comprising the
CPNs and CCPNs forming part of the hybridisation complex
of the bifunctional molecule.

In yet another aspect there is provided a supramolecular
complex comprising at least one molecule comprising
covalently linked functional entities and a plurality of con-
nector polynucleotides (CPNs) and a plurality of complemen-
tary connector polynucleotides (CCPNs), wherein at least
some of said CPNs and/or CCPNs have donated functional
entities to the synthesis of the at least one molecule, wherein
the complex comprises as least 1 CCPN hybridized to at least
2 CPNs. In a further aspect there is provided a plurality of
such supramolecular complexes.

DEFINITIONS

At least 1 single complementary connector polynucleotide
(CCPN) hybridizes to at least 2 connector polynucleotides
(CPN): The hybridization events leading to the formation of
the supramolecular complex can occur simultaneously or
sequentially in any order as illustrated in FIG. 2.

A bifunctional molecule comprises a (final) molecule part
and a hybridisation complex part. The hybridisation complex
part of the bifunctional molecule comprises at least 2 CCPN’s
the polynucleotide part of which (individual CCPN) is hybri-
dised to the polynucleotide part of at least 1 CPN, wherein at
least some of said hybridised CPNs and/or CCPNs have pro-
vided their reactants, such as functional groups, to the method
for synthesising the at least one molecule linked to the
hybridisation complex of the bifunctional molecule.

Branched CPN: Connector polynucleotide comprising one
or more branching points connecting linear or branched poly-
nucleotides.

Building block polynucleotide: Generic term for a poly-
nucleotide part linked to either a) a reactant such as a func-
tional entity comprising at least one reactive group (type I
BBPN), or b) a reactive group (in the absence of a reactant or
functional entity) (type II BBPN), or the BBPN can simply
comprise a polynucleotide part comprising a spacer region
for spacing e.g. functional entities of other BBPNs (type 111
BBPN). The term building block polynucleotide thus
includes CPNs and CCPNSs irrespective of their type.

Complementary connector polynucleotide (CCPN): Part
of'a supramolecular complex comprising a plurality of CPNs
and a plurality of CCPNs as illustrated in FIG. 2. A CCPN
comprises a polynucleotide part which can be linked to either
a) areactant such as a functional entity comprising at least one
reactive group (type I CCPN), or b) a reactive group (in the
absence of a reactant or functional entity) (type Il CCPN), or
the CCPN can simply comprise a polynucleotide part com-
prising a spacer region for spacing e.g. functional entities of
other CCPNss (type III CCPN). When the polynucleotide part
of'a CCPN is linked to a reactant, such as a functional entity
comprising at least one reactive group, or in the functional
entity being covalently linked to another functional entity, or
part thereof, the CCPN acts as a “donor CCPN” or as an
“acceptor CCPN” and thus takes part in the method for syn-
thesising the at least one molecule. In some embodiments,
some CCPNs will be “donor CCPNs” donating functional
entities to the synthesis of a molecule comprising covalently
linked functional entities, whereas at least one other CCPN
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will be an “acceptor CCPN”, or a CPN will be an “acceptor
CPN”. A method for synthesising at least one molecule
exploiting one or more “donor CCPNs” comprising at least
one reactant, such as at least one functional group, does not
exclude using—in the same method—at least one “donor
CPN” comprising at least one reactant, such as at least one
functional group. The covalent or non-covalent bond between
a functional entity and a polynucleotide part of a “donor
CCPN?” can be cleaved before, during, or after the synthesis
and formation of the molecule comprising reacted reactants,
such as covalently linked functional entities. A covalent bond
will be generated between reactants or functional entities
associated with an acceptor CCPN, or an acceptor CPN,
during the synthesis of the molecule comprising reacted reac-
tants, such as covalently linked functional entities. The syn-
thesis and formation of molecules each comprising
covalently linked functional entities is thus in one embodi-
ment a result of both 1) formation of covalent bonds linking
functional entities present on acceptor CCPNs, and ii) cleav-
age of covalent bonds linking functional entities and poly-
nucleotides of donor CCPNs. Once a molecule has been
synthesised in this fashion, bonds will link individual donor
CCPNs and an acceptor CCPN.

Connector polynucleotide: Part of a supramolecular com-
plex comprising a plurality of CPNs and a plurality of CCPN’s
as illustrated in FIG. 2. A CPN guides the synthesis of a
molecule comprising covalently linked functional entities by
“calling” for CCPNs capable of hybridizing to the CPN. In
some embodiments, it is preferred that the CPNs comprise
only a polynucleotide part, and no reactant (or functional
entity) or reactive group(s) (CPN type I1I). However, in other
embodiments, the polynucleotide part of a CPN can be linked
to at least one reactant (or functional entity) comprising at
least one reactive group (CPN type 1), or the polynucleotide
part of a CPN can be linked to a reactive group (in the absence
of a reactant or functional entity) (CPN type II).

Decoding: The nucleic acid part of a CPN or a CCPN
harbours information as to the identity of the corresponding
reactant or functional entity linked to the nucleic acid part of
the CPN or the CCPN. Following a selection step the func-
tional entities which have participated in the formation of the
encoded molecule can be identified. The identity of a mol-
ecule can be determined if information on the chemical enti-
ties, the synthesis conditions and the order of incorporation
can be established.

The nucleic acid part of the CCPNs or CPNs of successful
hybridization complexes can be decoded separately, or the
various nucleic acid strands can be ligated together prior to
decoding. In one embodiment of the invention individual
CPNss are ligated together prior to decoding to ease the han-
dling of the various informative nucleic acid strands, i.e. the
polynucleotide part of the individual CPNs having partici-
pated in the synthesis of the at least one molecule. A ligation
product between individual CPNs, or between individual
CCPNs, of a selected bifunctional molecule is referred to
below as an identifier sequence. It may be sufficient to obtain
information on the chemical structure of the various func-
tional entities that have participated in the synthesis of the at
least one molecule in order to deduce the full structure of the
molecule, as structural constraints during the formation can
aide the identification process. As an example, the use of
different kinds of attachment chemistries may ensure that a
chemical entity on a building block can only be transferred to
a certain position on a scaffold. Another kind of chemical
constrains may be present due to steric hindrance on the
scaffold molecule or the functional entity to be transferred. In
general however, it is preferred that information can be
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inferred from the identifier sequence that enable the identifi-
cation of each of the functional entities that have participated
in the formation of the encoded molecule along with the point
in time in the synthesis history when the chemical entities
have been incorporated in the (nascent or intermediate) mol-
ecule.

Although conventional DNA sequencing methods are
readily available and useful for this determination, the
amount and quality of isolated bifunctional molecule hybridi-
sation complexes linked to a molecule having the desired
property may require additional manipulations prior to a
sequencing reaction. Where the amount is low, it is preferred
to increase the amount of the identifier sequence by poly-
merase chain reaction (PCR) using PCR primers directed to
primer binding sites present in the identifier sequence. In
addition, the quality of the library may be such that multiple
species of different bifunctional molecules are co-isolated by
virtue of similar capacities for binding to a target. In cases
where more than one species of bifunctional molecule are
isolated, the different isolated species can suitably be sepa-
rated prior to sequencing of the identifier oligonucleotide.

Thus in one embodiment, the different identifier sequences
of the isolated bifunctional complexes are cloned into sepa-
rate sequencing vectors prior to determining their sequence
by DNA sequencing methods. This is typically accomplished
by amplifying all of the different identifier sequences by
PCR, and then using unique restriction endonuclease site(s)
on the amplified product to directionally clone the amplified
fragments into sequencing vectors. The cloning and sequenc-
ing of the amplified fragments is a routine procedure that can
be carried out by any of a number of molecular biological
methods known in the art.

Alternatively, the bifunctional complex or the PCR ampli-
fied identifier sequence can be analysed in a microarray. The
array may be designed to analyse the presence of a single
codon or multiple codons in a identifier sequence.

Functional entity: Part of a CPN or a CCPN. Functional
entities comprise at least one reactive group. The functional
entity comprises a part or an intermediate of the molecule to
be synthesised. A functional entity can also comprise the
product of a reaction having previously taken place between
separate functional entities, i.e. the term also applies to inter-
mediate products being generated prior to or during the syn-
thesis of the molecule.

The functional entity of a CPN or CCPN serves the func-
tion of being a precursor for the structural entity eventually
appearing on the encoded molecule. Therefore, when it is
stated in the present application that a functional entity is
linked to another functional entity through the reaction of the
reactive groups of respective functional entities, it is to be
understood that not necessarily all the atoms of the original
functional entity is to be found on the final molecule having
been synthesised. Also, as a consequence of the reactions
involved in the linking, the structure of the functional entity
can be changed when it appears on the encoded molecule.
Especially, the cleavage resulting in the release of the func-
tional entity may generate reactive group(s) which in a sub-
sequent reaction can participate in the formation of a connec-
tion between the (nascent or intermediate) molecule and a
further functional entity. Furthermore, two or more functional
entities may generate an intermediate which can be reacted
with a third (or further) functional entity to form a nascent or
final molecule.

The connection or linking between functional entities or,
alternatively, a functional entity and a nascent encoded mol-
ecule, is aided by one or more reactive groups of the func-
tional entities. The reactive groups may be protected by any



US 9,121,110 B2

11

suitable protecting groups which need to be removed prior to
the linking of the functional entities. Dependent on the reac-
tion conditions used, the reactive groups may also need to be
activated. A functional entity featuring a single reactive group
may suitably be used i.a. in the end positions of polymers or
to be reacted with a scaffold, whereas functional entities
having two or more reactive groups intended for the forma-
tion of linkage between functional entities, are typically
present as scaffolds or in the body part of a polymer. A
scaffold is a core structure, which forms the basis for creating
multiple variants of molecules based on the same set of func-
tional entities to be reacted in different combinations in order
to generate the variants. The variant forms of the scaffold is
typically formed through reaction of reactive groups of the
scaffold with reactive groups of other functional entities,
optionally mediated by fill-in groups or catalysts, under the
creation of a covalent linkage.

Functional entity reactive group: Each functional entity
comprises at least one reactive group the reaction of which
with a reactive group of a separate functional entity results in
the formation of covalently linked functional entities, or part
thereof.

A reactive group of a functional entity may be capable of
forming a direct linkage to a reactive group of another func-
tional entity, or a nascent or intermediate molecule, or a
reactive group of a functional entity may be capable of form-
ing a connection to a reactive group of another functional
entity through a bridging fill-in group. It is to be understood
that not all the atoms of a reactive group are necessarily
maintained in the connection formed. Rather the reactive
groups are to be regarded as precursors for the linkage
formed.

Hybridization complex: Plurality of CPN’s hybridised to a
plurality of CCPN’s, wherein one or more reactants or func-
tional entities or intermediate molecules can be linked to one
or more CPN’s and/or CCPN’s. Accordingly, a single inter-
mediate molecule can be linked to either a CPN and/or a
CCPN, and different reactants or functional entities or inter-
mediate molecules can be linked to the same or different
CPN(s) or CCPN(s). Once the final molecule has been
formed, the term hybridisation complex is no longer used,
instead, the term bifunctional molecule comprising a (final)
molecule part and a hybridization complex part is used. The
overlap of complementary polynucleotides of CPNs and
CCPNs hybridising to one another is preferably 4 or more
nucleotides, such as e.g. 6 nucleotide overlaps, for example
overlaps of 10-12 nucleotides.

Linear CPN: CPN comprising a sequence of covalently
linked nucleotides.

Molecule: Molecule comprising covalently linked func-
tional entities, or the molecule being the reaction product
when reactive groups of different (i.e. separate) functional
entities are reacted and functional entities are joined together
or linked to a scaffold. The molecule can be linked to the
polynucleotide part of a CCPN by a linker. In one embodi-
ment, neither the linker nor the polynucleotide part of the
CCPN forms part of the molecule. The formation of a mol-
ecule involves in one embodiment the transfer of at least one
functional entity, or part thereof, a) from one or more
CCPN(s) to one or more separate CCPN(s), and/or b) from
one or more CPN(s) to one or more separate CPN(s), and/or
¢) from one or more CPN(s) to one or more CCPN(s), and/or
d) from one or more CCPN(s) to one or more CPN(s), pref-
erably by reacting at least 2, such as at least 3, 4, 5,6,7,8, 9,
10,11,12,13,14,15,16,17,18, 19, functional entity reactive
groups in order to synthesise the molecule. Either before,
during, or after the transfer ofthe atleast one functional entity
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from one building block polynucleotide to another, a covalent
bond between the at least one functional entity and the poly-
nucleotide of the donor CCPNs is cleaved. Once a molecule
has been synthesised in this fashion, no donor CCPNs will be
linked to each other by covalent bonds, and no covalent bonds
will link individual donor CCPNs and an acceptor CCPN.

Other reactive groups: Groups the reaction of which does
not result in the formation of a molecule comprising
covalently linked functional entities. The reaction of other
reactive groups does not involve the donation of a functional
entity or a part thereof from one CCPN to another CCPN.

Plurality: Atleast2,suchas3,4,5,6,7,8,9,10,11,12,13,
14,15,16,17,18,19,20,21, 22,23, 24, 25,26,27, 28, 29, 30,
31,32,33,34,35,36,37,38,39,40, such as 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 100, for example, 200, 300, 400, 500,
600, 700, 800, 900, 1000, such as more than 1000.

Reactant: Precursor moiety for a structural unit in the syn-
thesised molecule. The reaction of reactants result in the
formation of at least one molecule in accordance with the
methods of the present invention.

Reacting functional entity reactive groups: A molecule is
generated by reactions involving functional entity reactive
groups. Reacting functional entity reactive groups of separate
functional entities results in linking the functional entities or
apart thereof by covalent bonds. Types of reactive groups and
types of reactions involving such reactive groups are listed in
FIG. 23. The listing is merely exemplifying and not exhaus-
tive.

Reactive group: Activatable part of e.g. a reactant, such as
a functional entity, i.e. a (reactive) group forming part of,
being integrated into, being linked to, or otherwise associated
with, a building block polynucleotide of type I as designated
herein. A reactive group, such as e.g. a catalyst, can also occur
on its own without forming part of, being integrated into,
being linked to, or otherwise associated with, a reactant, such
as a functional entity. In the latter case the reactive group is
linked to the polynucleotide part of a building block poly-
nucleotide of type II as designated herein.

Spacer region: Region on a CPN or CCPN capable of
separating and/or spatially organising functional entities
located on adjacently positioned CPNs or CCPNs in a
hybridisation complex. In one embodiment the spacer region
is the region of a building block polynucleotide not hybri-
dised to another building block polynucleotide. The poly-
nucleotide part of both CPNs and CCPNs can comprise a
spacer region, optionally in the absence of a functional entity
orareactive group linked to said polynucleotide part. In some
embodiments, a building block polynucleotide comprising a
spacer region in the polynucleotide part of the building block
polynucleotide does not comprise a reactant or a functional
entity or a reactive group (participating in molecule forma-
tion) linked to said polynucleotide part of said building block
polynucleotide. However, building block polynucleotides
comprising such reactants or functional entities or reactive
groups linked to the polynucleotide part of the building block
polynucleotide may further comprise a spacer region, such as
e.g. a region of the polynucleotide part of the building block
polynucleotide which does not hybridise to the polynucle-
otide part of other building block polynucleotides. In such
embodiments, it will be understood that CPNs of type Il and
CCPNs or type III (as designated herein elsewhere) do not
also comprise one or more reactants, or one or more func-
tional entities, or one or more reactive groups participating in
molecule formation. Spacer regions can be designed so that
they are capable of self-hybridization and hair-pin structure
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formation. Preferred “spacer regions” are polynucleotides to
which no functional entities and no reactive groups are
attached.

Zipper box: Linkers linking functional entities to e.g. the
polynucleotide part of a CPN or a CCPN can comprise a
“zipper box”. Two linkers may be provided with a zipper box,
i.e. a first linker comprises a first part of a molecule pair being
capable of reversible interaction with a second linker com-
prising the second part of the molecule pair. Typically, the
molecule pair comprises nucleic acids, such as two comple-
mentary sequences of nucleic acids or nucleic acid analogs. In
a certain aspect, the zipper domain polarity of the CCPN
harbouring the first linker attached to the first functional
entity is reverse compared to the zipper domain polarity of the
CCPN harbouring the second functional entity. Usually, the
zipping domain is proximal to the functional entity to allow
for a close proximity of the functional entities. In preferred
embodiments, the zipping domain is spaced form the func-
tional entity with no more than 2 nucleic acid monomers.
Typically, the zipping domain sequence comprises 3 to 20
nucleic acid monomers, such as 4 to 16, and preferably 5 to
10, depending on the conditions used.

The annealing temperature between the nucleic acid part of
the CCPN and a CPN is usually higher than the annealing
temperature of the zipper box molecule pair to maintain the
hybridisation complex during the reaction. Usually, the dif-
ference between the annealing temperatures is 10° C., such as
25°C., orabove. In a certain embodiment of the invention, the
conditions during assembling of the hybridisation complex
includes a concentration of the CCPN and CPN which is
higher than the concentration during reaction to allow for
optimal dimerisation conditions for the two parts of the mol-
ecule pair. The concentration during the assembly of the
hybridisation complex is in a preferred aspect at least 10 times
higher compared to the concentration used for dimerisation of
the to parts of the molecule pair. In a certain aspect, the
reaction step is performed by altering the temperature below
and above the annealing temperature of the zipping domain,
however ensuring that the hybridisation complex retains its
integrity.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1.

The figure illustrates different examples of complementary
connector polynucleotides (CCPN’s).

A.) A CCPN containing an oligonucleotide/polynucleotide
sequence, a linker and a functional entity carrying one or
more reactive groups. The linker may optionally be cleavable
and may comprise an oligonucleotide, a natural or unnatural
peptide or a polyethyleneglycol (PEG), a combination thereof
or other linkers generally used in organic synthesis, combi-
natorial chemistry or solid phase synthesis.

B.) Similar to A with a different positioning of the reactive
group.

C.) A combination of type A and type B.

D.) This CCPN only contains a reactive group and not a
functional entity in the sense of types A, B and C.

E.) A spacer CCPN without functional entity.

FIG. 2.

The figure illustrates the overall concept of the present
invention. A set of CCPN’s are mixed either sequentially or
simultaneously with a set of CPN’s, whereby at least two
complementary connector polynucleotides hybridize to at
least two connector polynucleotides, wherein at least two of
said complementary connector polynucleotides comprise at
least one functional entity comprising at least one reactive
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group, and wherein at least one of said complementary con-
nector polynucleotides hybridizes to at least two connector
polynucleotides.

Inthe next step, reaction occurs between reactive groups on
functional entities, whereby a molecule is obtained by linking
at least two functional entities, each provided by a separate
complementary connector polynucleotide, by reacting at
least one reactive group of each functional entity. If a number
of such hybridization complexes are formed a number of
molecules will be synthesized. If this is performed in one
tube, a mixed library of compounds is prepared. Such mol-
ecules, attached to a CCPN or a number of CCPN’s, form
together with the CPN’s, to which they hybridize, a complex.

The library of compounds/complexes may then be assayed
for specific properties such as e.g. affinity or catalytic activity,
and compounds/complexes with such activity may be iso-
lated. The CPN’s and/or CCPN’s of such complexes may be
isolated and amplified. Such amplified CPN’s may go into
further rounds of library generation, whereby a new library of
compounds/complexes will be formed, a library which is
enriched in molecules with properties corresponding to the
properties assayed for.

FIG. 3.

The figure illustrates a set of different molecules which
may be formed by the process of the present invention
through the steps described above for FIG. 2. The figure
serves only for illustrative purposes and is not in any way
intended to limit the scope of the present invention.

FIG. 4.

The figure illustrates various hybridisation complexes
comprising CPNs and CCPNs. Reactants or functional enti-
ties the reaction of which generates the at least one molecule
is illustrated by capital letters (X, Y, Z, etc.). For illustration
purposes the functional entities remain associated with the
“donor CCPNs” (or “donor CPNs”), however, the reactants
can react prior to, during or after the formation of the hybridi-
sation complexes indicated in the figure. Once the reactants
have reacted and the molecule has been generated, a bifunc-
tional molecule is formed. The reaction of reactive groups can
involve e.g. reacting at least one reactive group of each reac-
tant or functional entity, or it can involve reacting one reactive
group of a plurality of reactants with a plurality of reactive
groups of a single reactant, typically a scaffold moiety. The
hybridization complexes can be linear or circular as illus-
trated in the figure. The CPNs and/or the CCPN5s can be linear
or branched. The circular symbol with an x indicates a CPN/
CCPN in an orientation perpendicular to the plane of the
paper.

FIG. 5.

The figure illustrates a further set of examples of CCPN’s,
wherein the linker maybe placed at one end of the polynucle-
otide sequence. In examples E. and F. the CCPN’s neither
carries a functional entity nor a reactive group. In example E.
the CCPN may be capable of self association e.g. through
complementary nucleotide sequences, whereby hybridiza-
tion can occur. In example F., part of the CCPN loops out
upon association such as e.g. hybridization with a CPN. In
this example no self association occurs.

FIG. 6.

The figure illustrates one embodiment of the concept
described and shown in FIG. 2. In this embodiment some or
all polynucleotides of CCPN’s are ligated together and some
or all polynucleotides of CPN’s are ligated together. Depend-
ing on the number of CCPN’s and CPN’s in each individual
complex formed, different lengths of ligated CPN’s may be
isolated. Alternatively, the ligated products are not isolated,
but rather is followed by an amplification step by e.g. PCR,
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which will selectively amplify the ligated CPNs. These
ligated CPN’s may undergo PCR and be analysed by e.g.
sequencing. The ligated CPN’s may be fragmentalised again,
e.g. through the use of restriction enzymes.

FIG. 7.

As in FIG. 6 wherein some or all the CPN’s in each com-
plex are ligated together whereas the CCPN’s are not. This
may be achieved e.g. if a gap between the polynucleotide
sequences of CCPN’s exists.

FIG. 8.

As in FIG. 6 wherein some or all the CCPN’s in each
complex are ligated together whereas the CPN’s are not. This
may be achieved e.g. if a gap between the polynucleotide
sequences of CPN’s exists. In this embodiment fragmentali-
sation of ligated CPN’s is not performed during the process.

FIG. 9.

FIG. 9 illustrates a method for the formation, screening and
analysis of a library.

FIG. 10.

As in FIG. 6 for the first round of library formation, how-
ever, with the optional omission of fragmentalisation of
ligated CPN’s in second and later rounds of library formation
and with the optional ligation of CCPN’s in the second and
later rounds of library formation. If fragmentalization (not
shown) is performed during rounds libraries will be formed in
such rounds as shown for the 1% round of library formation.

FIG. 11.

As in FIG. 6, except that the steps of ligation and reaction
of functional entities have been interchanged, such that reac-
tion of functional entities occurs prior to ligation. Here, the
ligation serves as an introductory step for the amplification of
the CPNs and CCPNs (by e.g. PCR). Alternatively, a “ligated-
CPN product” and its amplification may also be obtained by
performing a PCR after the reaction step, without the addition
of'primers. This will lead to the assembly of the various CPNs
into one strand; the product can then be amplified by the
addition of external primers.

FIG. 12.

As in FIG. 6, wherein the steps of ligation and selection
have been changed, such that selection occurs prior to liga-
tion. As in FIG. 11, instead of ligating, PCR without external
primers can be performed, followed by PCR including exter-
nal primers.

FIG. 13.

As in FIG. 6, wherein some CPN’s are capable of self
hybridization, whereby CCPN’s and CPN’s in each complex
may be linked. The ligation product following selection may
optionally be treated with e.g. restriction enzymes to allow
the ligated CPN’s to be isolated or non-ligated CPN’s to be
isolated through partial or total fragmentalisation.

FIG. 14.

As in FIG. 8, wherein at least one CPN in each complex is
capable of self hybridization, whereby CCPN’s and some or
all CPN’s in each complex may be linked. In this example
only one terminal CPN is capable of self hybridization and is
ligated to the CCPN’s. This setting may allow an easy sepa-
ration of CPN’s from CCPN’s.

FIG. 15.

The figure illustrates a set of different molecules which
may be formed by the process of the present invention
through the steps described above. In this example where
CPN’s have been ligated together and CCPN’s have been
ligated together. The figure serves only for illustrative pur-
poses and is not in any way intended to limit the scope of the
present invention.
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FIG. 16-19.

The figures illustrates further examples of CPN and CCPN
complexes with or without ligational steps and with (a) and
without (b) terminal oligonucleotide overhangs.

FIG. 20.

The figure illustrates different CPN/CCPN complexes,
wherein the some or all CPN’s carry a reactive group or a
functional entity comprising one or more reactive groups.

FIG. 21.

The figure illustrates the principle of a zipperbox. The
zipperbox is a region optionally comprising an oligonucle-
otide sequence where said region is capable of hybridizing to
another zipperbox, wherein this second zipperbox optionally
comprises an oligonucleotide sequence complementary to the
first zipperbox. The zipperbox may be situated ona CPN or a
CCPN. Upon hybridization of two zipperboxes, the proxim-
ity between functional entity reactive groups increases,
whereby the reaction is enhanced.

By operating at a temperature that allows transient inter-
action of complementary zipperboxes, functional entity reac-
tive groups are brought into close proximity during multiple
annealing events, which has the effect of reactive groups in
close proximity in a larger fraction of the time than otherwise
achievable. Alternatively, one may cycle the temperature
between a low temperature (where the zipper boxes pairwise
interacts stably), and a higher temperature (where the zipper
boxes are apart, but where the CCPN/CPN complex remains
stable. By cycling between the high and low temperature
several times, a given reactive group is exposed to several
reactive groups, and eventually will react to form a bond
between two function entities through their reactive groups.

FIG. 22.

The figure illustrates how different CPN and CCPN com-
plexes may form by a self assembly process through cross talk
between CPN’s and CCPN’s. The figure only illustrates two
paths, but the illustration is not intended to limit the invention
hereto. The complexes may form through the mixing of all
components in one step or through the stepwise addition of
CPN’s and CCPN’s in each step,

FIG. 23.

The figure illustrates reaction types allowing simultaneous
reaction and linker cleavage. Different classes of reactions are
shown which mediate translocation of a functional group
from one CCPN (or CPN (not illustrated)) to another, or to an
anchorage CCPN. The reactions illustrated are compatible
with simultaneous reaction and linker cleavage, i.e. one func-
tional entity is transferred (translocated) directly from one
CCPN (or CPN (notillustrated)) onto another CCPN (or CPN
(not illustrated)) without the need of subsequent and separate
linker cleavage through the application of further new condi-
tions allowing for such.

(A) Reaction of nucleophiles with carbonyls. As a result of
the nucleophilic substitution, the functional group (en-
tity) R is translocated to the CCPN initially carrying the
nucleophile.

(B) Nucleophilic attack by the amine on the thioester leads
to formation of an amide bond, in effect translocating the
functional group R of the thioester to the other CCPN.

(C) Reaction between hydrazine and [-ketoester leads to
formation of pyrazolone, in effect translocating the R
and R' functional groups to the other CCPN.

(D) Reaction of hydroxylamine with [-ketoester leads to
formation of the isooxazolone, thereby translocating the
R and R' groups to the other CCPN.

(E) Reaction of thiourea with [-ketoester leads to forma-
tion of the pyrimidine, thereby translocating the R and R’
groups to the other CCPN.
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(F) Reaction of urea with malonate leads to formation of
pyrimidine, thereby translocating the R group to the
other CCPN.

(G) Depending on whether Z—O or Z—NH, a Heck reac-
tion followed by a nucleophilic substitution leads to
formation of coumarin or quinolinone, thereby translo-
cating the R and R' groups to the other CCPN.

(H) Reaction of hydrazine and phthalimides leads to for-
mation of phthalhydrazide, thereby translocating the R
and R' groups to the other CCPN.

(I) Reaction of amino acid esters leads to formation of
diketopiperazine, thereby translocating the R group to
the other CCPN.

(J) Reaction of urea with a-substituted esters leads to for-
mation of hydantoin, and translocation of the R and R’
groups to the other CCPN.

(K) Alkylation may be achieved by reaction of various
nucleophiles with sulfonates. This translocates the func-
tional groups R and R' to the other CCPN.

(L) Reaction of a di-activated alkene containing an electron
withdrawing and a leaving group, whereby the alkene is
translocated to the nucleophile carrying CCPN.

(M) Reaction of disulfide with mercaptan leads to forma-
tion of a disulfide, thereby translocating the R' group to
the other CCPN.

(N) Reaction of amino acid esters and amino ketones leads
to formation of benzodiazepinone, thereby translocating
the R group to the other CCPN.

(O) Reaction of phosphonium salts with aldehydes or
ketones leads to formation of substituted alkenes,
thereby translocating the R" group to the other CCPN.

(P) Reaction of phosphonates with aldehydes or ketones
leads to formation of substituted alkenes, thereby trans-
locating the R" group to the other CCPN.

(O) The principle of translocation of e.g. aryl groups from
one CCPN to another CCPN.

(R) Reaction of boronates with aryls or heteroaryls results
in transfer of an aryl group to the other CCPN (to form a
biaryl).

(S) Reaction arylsulfonates with aryl groups bound as
Boron derivatives leads to transfer of the aryl group.
(T) Biaryl formation through translocation of one aryl

group to another CCPN.

(U) Arylamine formation (e.g. Hartwig/Buchwald type of
chemistry) through N-arylation, i.e. transfer of aryl
groups to CCPN’s carrying amino groups.

(V) As U using hypervalent iodonium derivatives.

(X) Reaction of boronates with vinyls (or alkynes) results
in transfer of an aryl group to the other CCPN to form a
vinylarene (or alkynylarene).

(Y) Reaction between aliphatic boronates and arylhalides,
whereby the alkyl group is translocated to yield an alky-
larene.

(Z) Transition metal catalysed alpha-alkylation through
reaction between an enolether and an arylhallide,
thereby translocating the aliphatic part.

(AA) Condensations between e.g. enamines or enolethers
with aldehydes leading to formation of alpha-hydroxy
carbonyls or alpha, beta-unsaturated carbonyls. The
reaction translocates the nucleophilic part.

(AB) Alkylation of alkylhalides by e.g. enamines or eno-
lethers. The reaction translocates the nucleophilic part.

(AC) [2+4]cycloadditions, translocating the diene-part.

(AD) [2+4]cycloadditions, translocating the ene-part.

(AE) [3+2]cycloadditions between azides and alkenes,
leading to triazoles by translocation of the ene-part.
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(AF) [3+2]cycloadditions between nitriloxides and alk-
enes, leading to isoxazoles by translocation of the ene-
part.

FIG. 24.

The figure illustrates pairs of reactive groups (X) and (Y),
and the resulting bond (XY).

A collection of reactive groups and functional entity reac-
tive groups that may be used for the synthesis of molecules are
shown, along with the bonds formed upon their reaction.
After reaction, linker cleavage may be applied to release one
of the functional entities, whereby the transfer of one func-
tional entity from one CCPN to another is effectuated.

FIG. 25.

The composition of linker may be include derivatives of the
following, but is not limited hereto:

Carbohydrides and substituted carbohydrides

Vinyl, polyvinyl and substituted polyvinyl

Acetylene, polyacetylene

Aryl/Hetaryl, polyaryl/hetaryl and substituted polyaryl/

polyhetaryl

Ethers, polyethers such as e.g. polyethyleneglycol and sub-

stituted polyethers
Amines, polyamines and substituted polyamines
Double stranded, single stranded or partially double or
single stranded natural and unnatural polynucleotides
and substituted double stranded, single stranded or par-
tially double stranded natural and unnatural polynucle-
otides such as but limited to DNA, RNA, LNA, PNA,
TNA

Polyamides and natural and unnatural polypeptides and
substituted polyamides and natural and unnatural
polypeptides

Phosphate containing linkers

Any combination of the above

Linkers may be cleavable or non-cleavable. The figure
illustrates cleavable linkers, conditions for their cleavage, and
the resulting products are shown.

FIG. 26.

The figure illustrates different examples of the formation of
CCPN’s carrying functional entities. Reactions and reagents
are shown that may be used for the coupling of functional
entities to modified oligonucleotides (modified with thiol,
carboxylic acid, halide, or amine), without significant reac-
tion with the unmodified part of the oligonucleotide or alter-
natively, connective reactions for linkage of linkers to
complementing elements. Commercially, mononucleotides
are available for the production of starting oligonucleotides
with the modifications mentioned.

FIG. 27.

The figure illustrates the hair-pin oligo set-up.

FIG. 28.

The figure illustrates the polyacrylamide gel analysis
described in more detail in example 2A. The arrow indicates
the cross-link product of the AH251 oligo and the radioac-

tively labelled AH202 oligo. The cross-linked product has
slower mobility in the gel than the labelled, non-reacted
AH202 oligo.

FIG. 29.

The figure illustrates the polyacrylamide gel analysis
described in more detail in example 2B. The arrow indicates
the cross-link product of the AH251 oligo and the radioac-
tively labelled AH202 oligo. The cross-linked product has
slower mobility in the gel than the labelled, non-reacted
AH202 oligo.

FIG. 30.

Encoding scheme for the synthesis of a small molecule
from four encoded units (corresponding to CCPNO, CCPN1,
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CCPN2, and CCPN3), using a circular oligonucleotide
CCPN/CPN-complex. This scheme is employed in example
2H; the first part of the scheme is employed in example 2G.

FIG. 31. This figure shows the proposed circular structure,
as well as gives an overview of the different oligos CPN T1,
CCPN T2 and CPN T3 used in examples 2C-2H, and the
CCPNO, CCPN1, CCPN2 and CCPN3 oligos carrying the
functional entities. The insert shows the oligo set-ups used in
the positive control reaction.

FIG. 32. The polyacrylamide gel analysis of example 2C.

The arrow indicates the cross-link product of the AH381 or
AH270 oligo with the radioactively labelled AH202 oligo.
The cross-linked product has slower mobility in the gel than
the labelled, non-reacted AH202 oligo.

FIG. 33. The polyacrylamide gel analysis of example 2D.

The arrow indicates the cross-link product of the AH381
oligo with the radioactively labelled AH155 or AH272 oligos.
The cross-linked product has slower mobility in the gel than
the labelled, non-reacted AH155 or AH272 oligos.

FIG. 34. The polyacrylamide gel analysis of example 2E.

The arrow indicates the cross-link product of the AH381
oligo with the radioactively labelled AH155 or AH272 oligos.
The cross-linked product has slower mobility in the gel than
the labelled, non-reacted AH155 or AH272 oligos.

FIG. 35. The polyacrylamide gel analysis of example 2F.

The arrow indicates the cross-link product of the AH381
oligo with the radioactively labelled AH155 oligo. The cross-
linked product has slower mobility in the gel than the labelled,
non-reacted AH155 oligo.

FIG. 36. The figure shows the proposed complex of
example 2H.

The dotted circle highlights a part of the structure, consist-
ing of 3 CCPNs and 2 CPNs, where one CCPN carries a
functional entity and anneals to two CPNs.

FIG. 37. Nitro phenol esters used in example 2G and 2H.

Structures and yields are given.

DETAILED DESCRIPTION OF THE INVENTION

The method of the present invention have several advan-
tages over template directed synthesis methods. As described
below the methods of the present invention can be distin-
guished from well known methods such as e.g. ribosome
mediated translation and ligation of polynucleotides.

In one embodiment of the present invention, the methods
for synthesizing at least one molecule does not employ—for
the purpose of synthesising the at least one molecule—the
formation of a double stranded polynucleotide comprising
complementary nucleotide stands obtained by joining or
ligating end-positioned nucleotides by enzymatic reaction(s)
or by chemical ligation using other reactive groups than
5'-phophate groups and 3'-hydroxy groups employed by e.g.
ligase catalysed reactions disclosed in standard text books
(for chemical ligation, see e.g. by Bruick et al. (1997) and
Gryaznov and Letsinger (1993)).

Rather, the method is directed to reacting functional entity
reactive groups and thereby generating at least one small
molecule, or a polymer molecule, by transferring functional
entities or parts thereof from one or more donor CCPNs
and/or donor CPNis to at least one acceptor CCPN or at least
one acceptor CPN. A plurality of functional entities are pref-
erably transtferred from a plurality of donor CPPNs to a single
(ultimate) acceptor CPPN. Functional entity reactive groups
can react chemically or be enzymatically catalysed.

The end-product of the synthesis methods of the present
invention is in one embodiment a molecule consisting of
functional entities initially carried by CPN’s and/or CCPN’s.
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The molecule can also be obtained by reacting reactants pro-
vided by donor CPPNs and/or donor CPNs. The molecule is
in one embodiment linked to the polynucleotide part ofa CPN
or a CCPN.

When the methods of the invention relate to functional
entities carried primarily by CCPNs, a single functional entity
can e.g. be transferred from each of a plurality of donor
CPPNs to at least one acceptor CPPN, or more than one
functional entity can be transferred from some or all of said
donor CPPNss to an acceptor CPPN. When reactants or func-
tional entities are donated to a scaffold, a plurality of reactive
groups of said scaffold (e.g. a plurality of reactive groups of a
single reactant or a single functional entity) will react with
one or more reactive groups of the plurality of reactants or
functional entities taking place in the formation of the scaf-
folded molecule.

The plurality of scaffold reactive groups involved in the
formation of a scatfolded molecule can be e.g. at least 2, such
as3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,
38,39, or 40 or more reactive groups. In one embodiment, the
number of reactants or functional entities capable of reacting
with the scaffold reactive groups is limited to the total number
of scaffold reactive groups available for reaction with said
reactants or functional entities linked to the polynucleotide
part of donor CCPNs or donor CPNs. Independently of the
number of scaffold reactive groups, at least 2, such as e.g. 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20
reactants can react with the scaffold reactive groups when a
scatfolded molecule is being formed in accordance with the
methods of the present invention, wherein each reactant is
preferably donated (provided) by a separate donor building
block polynucleotide.

Independently of the number of scaffold reactive groups
and independently of the number of reactants reacted, the
number of donor building block polynucleotides in the
hybridisation complex having provided reactants—directly
or indirectly (i.e. several reactions having already taken place
before a once or twice or further reacted reactant reacts with
a scaffold reactive group)—for the synthesis of the scaffolded
molecule can be anything in the range of from 2 to 25, such as
from 2 to 20, for example from 2 to 15, such as from 2 to 10,
for example from 2 to 8, such as from 2 to 6, for example from
2 to 5, such as from 2 to 4, for example from 3 to 25, such as
from 3 to 20, for example from 3 to 15, such as from 3 to 10,
for example from 3 to 8, such as from 3 to 6, for example from
3 to 5, such as 3 or 4. The total number of different donor
building block polynucleotides present for the synthesis of
different scaffolded molecules can of course be many times
higher that these figures. Typically, the number of different
donor building block polynucleotides donating/providing a
reactant, such as a functional entity, to the synthesis of a
library of different scaffolded molecules, will be in the order
of at least 100, such as at least 1000, for example at least
10000, such as at least 100000 different donor building block
polynucleotides (selected from donor CPNs and/or donor
CCPNs).

The hybridisation complex allowing the above-mentioned
formation of a scaffolded molecule to take place preferably
comprises at least n CPNs, n being an integer of from 2 to 10,
preferably from 2 to 8, such as from 2 to 6, for example from
2 to 5, such as from 3 to 10, preferably from 3 to 8, such as
from 3 to 6, for example from 3 to 5, and at least n CCPNs,
such as at least n+1 CCPNs, for example at least n+2 CCPNGs,
such as at least n+3 CCPNs, for example at least n+4 CCPNGs,
such as at least n+5 CCPNs, for example at least n+6 CCPNGs,
such as at least n+7 CCPNs, for example at least n+8 CCPNGs,



US 9,121,110 B2

21

such as at least n+9 CCPNs, for example at least n+10
CCPNs, such as at least n+11 CCPNs, for example at least
n+12 CCPNs, such as at least n+13 CCPNs, for example at
least n+14 CCPNs, such as at least n+15 CCPNs.

Covalent bonds between donor CPPNs (or donor CPNs)
and their functional entities can be cleaved before, during or
after the synthesis of the molecule.

The molecule formed on an acceptor CCPN does not com-
prise the linker or the polynucleotide part of the acceptor
CCPN. Accordingly, the generation of a molecule does not
result from a covalent addition of nucleotide(s) to the poly-
nucleotide of the CCPN to which the molecule is linked when
the functional entity reactive group reactions have taken place
and covalent bonds cleaved between functional entities and
donor CCPNs.

Also, in one embodiment the synthesis methods of the
present invention do not result in the formation of a double-
stranded polynucleotide molecule in the form of joined or
ligated nucleotides of CPNs or CCPNs after the small mol-
ecule or polymer has been formed.

Accordingly, the at least one molecule being synthesised
by the methods of the invention are distinct from molecules
obtained by ligating or joining nucleotide fragments, includ-
ing double stranded nucleotide fragments.

Furthermore, the methods of the present invention do not
involve ribosome mediated translation and prior art methods
employing ribosomes for translation purposes are therefore
not pertinent to the present invention and are disclaimed as
such.

Accordingly, the at least one molecule is generated when,
in one embodiment, functional entities on separate comple-
mentary connector polynucleotides (CCPNs) are joined by
reactions involving functional entity reactive groups. The
formation of the molecule is a result of the formation of
covalent bonds formed between functional entities constitut-
ing the molecule as well as the cleavage of covalent bonds
between at least some of the functional entities and the poly-
nucleotide part of the CCPN having donated a particular
functional entity, or a part thereof, to the molecule.

The methods of the invention are preferably carried out
without cleaving the polynucleotide sequence(s) of CPNs or
CCPNs during the synthesis and formation of the molecule.

Accordingly, reactions involving functional entity reactive
groups can lead to the formation of a molecule comprising
covalently linked functional entities donated by separate
CCPNs from which functional entities have been cleaved.
The cleavage of the functional entities results in the donor
CCPNs not being covalently linked to the molecule. The
donation of any single functional entity can occur in a single
step or sequentially in one or more steps, and the donation of
a plurality of functional entities can occur simultaneously or
sequentially in one or more steps.

When reactive groups of a CCPN are located in one
embodiment at both (or all) termini of the polynucleotide of a
CCPN, functional entity reactive groups of at least some
CCPNs participating in the synthesis of the molecule are
preferably located only at one of said terminal positions of the
polynucleotide. It is such functional entity reactive groups the
reaction of which result in the formation of the molecule.
However, other reactive groups can be present in the terminal
position(s) not occupied by the functional entity comprising
functional entity reactive groups. Such reactive groups are
different from functional entity reactive groups in so far as
these “other” reactive groups do not participate in the synthe-
sis and formation of the molecule.

One example of such “other” reactive groups is e.g. a
natural 5'-phosphate group of the polynucleotide of a CCPN
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comprising a functional entity comprising at least one reac-
tive group at its 3'-terminal end. Another example of areactive
group which is not regarded as a functional entity reactive
group is e.g. the natural 3'-hydroxy group of the polynucle-
otide of a CCPN comprising a functional entity comprising at
least one reactive group at its 5'-terminal end.

Accordingly, in one embodiment a functional entity com-
prising functional entity reactive group(s) is preferably
located at one of the terminal end(s) of a CCPN and only
functional entity reactive groups are reacted in order to gen-
erate a molecule comprising covalently linked functional
entities donated by separate CCPNs without said functional
entity donation ultimately (i.e. after the molecule has been
formed) resulting in CCPNs being covalently linked to each
other.

Preferably, at least one functional entity reactive group
reaction involving e.g. 2, 3, 4, or more functional entity reac-
tive groups preferably does not result in a CCPN being joined
to other polynucleotides or CCPNs at both the 5'-terminal end
and the 3'-terminal end of the polynucleotide of the CCPN at
the time the molecule has been generated by covalently link-
ing functional entities donated by separate CCPNs.

Accordingly, there is provided in one embodiment meth-
ods wherein at least some CCPNs comprise both functional
entity reactive groups and other reactive groups, and wherein
reactions at both (or all) terminal positions of the polynucle-
otide of such CCPNs are not all functional entity reactive
group reactions. Only reactive groups the reaction of which
results in the formation of the molecule comprising
covalently linked functional entities are functional entity
reactive groups.

When functional entity reactive groups and other reactive
groups are located within the same CCPN, the different kinds
of reactive groups will most often be located at different
terminal ends of the polynucleotide of the CCPN. Accord-
ingly, functional entity reactive group(s) will generally be
separated from other reactive groups of a CCPN by a nucle-
otide or a nucleobase or a phosphate group.

Preferred aspects of the methods for the synthesis of at least
one molecule, or for the synthesis of a plurality of different
molecules, are described herein elsewhere.

In one embodiment, the at least one molecule comprising
covalently linked functional entities is linked to the poly-
nucleotide part of a complementary connector polynucle-
otide, but the molecule does not comprise the linker and the
polynucleotide part of said complementary connector poly-
nucleotide.

In one embodiment, when the at least one molecule has
been formed and covalent bonds created between the func-
tional entities of the molecule, said functional entities are no
longer covalently linked to the (donor) CCPNs having
donated functional entities or parts thereof to the molecule.
The functional entity of a CCPN is preferably attached to a
nucleobase by means of a cleavable linker. Such linkers can
be cleaved e.g. by acid, base, a chemical agent, light, electro-
magnetic radiation, an enzyme, or a catalyst.

Accordingly, in one embodiment of the invention, follow-
ing molecule formation, complementary connector poly-
nucleotides hybridized to connector polynucleotides are not
linked by covalent bonds. Also, in another embodiment, con-
nector polynucleotides (CPNS) hybridized to complemen-
tary connector polynucleotides are not linked by covalent
bonds. Consequently, such methods are distinct from both
ribosome mediated translation of a single template of
covalently linked nucleotides and from methods involving
nucleotide synthesis and/or ligation as the latter methods
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result in the formation of ligation products in which nucle-
otides become covalently linked to each other.

The CCPN polynucleotides can comprise hybridizable
nucleotide sequences such as e.g. natural and/or unnatural
polynucleotides such as e.g. DNA, RNA, LNA, PNA, and
morpholino sequences. The CPN polynucleotides are prefer-
ably amplifiable polynucleotides and more preferably poly-
nucleotides comprising DNA and/or RNA. One or more
CPNs can be bound to a solic support.

The number or CPNs and/or CCPNs provided for the syn-
thesis of a single molecule can be from 2 to 200, for example
from 2 to 100, such as from 2 to 80, for example from 2 to 60,
such as from 2 to 40, for example from 2 to 30, such as from
2 to 20, for example from 2 to 15, such as from 2 to 10, such
as from 2 to 8, for example from 2 to 6, such as from 2 to 4, for
example 2, such as from 3 to 100, for example from 3 to 80,
such as from 3 to 60, such as from 3 to 40, for example from
310 30, such as from 3 to 20, such as from 3 to 15, for example
from 3 to 15, such as from 3 to 10, such as from 3 to 8, for
example from 3 to 6, such as from 3 to 4, for example 3, such
as from 4 to 100, for example from 4 to 80, such as from 4 to
60, such as from 4 to 40, for example from 4 to 30, such as
from 4 to 20, such as from 4 to 15, for example from 4 to 10,
such as from 4 to 8, such as from 4 to 6, for example 4, for
example from 5 to 100, such as from 5 to 80, for example from
5 to 60, such as from 5 to 40, for example from 5 to 30, such
as from 5 to 20, for example from 5 to 15, such as from 5 to 10,
such as from 5 to 8, for example from 5 to 6, for example 5,
such as from 6 to 100, for example from 6 to 80, such as from
6 to 60, such as from 6 to 40, for example from 6 to 30, such
as from 6 to 20, such as from 6 to 15, for example from 6 to 10,
such as from 6 to 8, such as 6, for example from 7 to 100, such
as from 7 to 80, for example from 7 to 60, such as from 7 to 40,
for example from 7 to 30, such as from 7 to 20, for example
from 7 to 15, such as from 7 to 10, such as from 7 to 8, for
example 7, for example from 8 to 100, such as from 8 to 80,
for example from 8 to 60, such as from 8 to 40, for example
from 8 to 30, such as from 8 to 20, for example from 8 to 15,
such as from 8 to 10, such as 8, for example 9, for example
from 10to 100, such as from 10 to 80, for example from 10 to
60, such as from 10 to 40, for example from 10 to 30, such as
from 10 to 20, for example from 10 to 15, such as from 10 to
12, such as 10, for example from 12 to 100, such as from 12
to 80, for example from 12 to 60, such as from 12 to 40, for
example from 12 to 30, such as from 12 to 20, for example
from 12 to 15, such as from 14 to 100, such as from 14 to 80,
for example from 14 to 60, such as from 14 to 40, for example
from 14 to 30, such as from 14 to 20, for example from 14 to
16, such as from 16 to 100, such as from 16 to 80, for example
from 16 to 60, such as from 16 to 40, for example from 16 to
30, such as from 16 to 20, such as from 18 to 100, such as from
18 to 80, for example from 18 to 60, such as from 18 to 40, for
example from 18 to 30, such as from 18 to 20, for example
from 20to 100, such as from 20 to 80, for example from 20 to
60, such as from 20 to 40, for example from 20 to 30, such as
from 20to 25, for example from 22 to 100, such as from 22 to
80, for example from 22 to 60, such as from 22 to 40, for
example from 22 to 30, such as from 22 to 25, for example
from 25 to 100, such as from 25 to 80, for example from 25 to
60, such as from 25 to 40, for example from 25 to 30, such as
from 30to 100, for example from 30 to 80, such as from 30 to
60, for example from 30 to 40, such as from 30 to 35, for
example from 35 to 100, such as from 35 to 80, for example
from 35 to 60, such as from 35 to 40, for example from 40 to
100, such as from 40 to 80, for example from 40 to 60, such as
from 40 to 50, for example from 40 to 45, such as from 45 to
100, for example from 45 to 80, such as from 45 to 60, for

10

15

20

25

30

35

40

45

50

55

60

65

24

example from 45 to 50, such as from 50 to 100, for example
from 50 to 80, such as from 50 to 60, for example from 50 to
55, such as from 60 to 100, for example from 60 to 80, such as
from 60 to 70, for example from 70 to 100, such as from 70 to
90, for example from 70 to 80, such as from 80 to 100, for
example from 80 to 90, such as from 90 to 100.

Although it is preferred in some embodiments to react at
least 3 or more functional entity reactive groups when syn-
thesizing the at least one molecule, in certain other embodi-
ments only 2 reactive groups need to be reacted. The number
of reactive groups reacted will depend on the number of
functional entities used for the synthesis of the molecule.

When the present invention in one embodiment provides a
method for synthesising at least one molecule comprising the
steps of

1) providing a plurality of connector polynucleotides each
capable of hybridizing to at least 1 complementary con-
nector polynucleotide,

ii) providing a plurality of complementary connector poly-
nucleotides selected from the group consisting of
a) complementary connector polynucleotides compris-

ing at least 1 reactant, such as a functional entity
comprising at least 1 reactive group,

b) complementary connector polynucleotides compris-
ing at least 1 reactive group,

¢) complementary connector polynucleotides compris-
ing at least 1 spacer region,

iii) hybridizing at least 2 complementary connector poly-
nucleotides to at least 2 connector polynucleotides,
wherein at least 2 of said complementary connector

polynucleotides comprise at least 1 reactant, such, as
a functional entity comprising at least 1 reactive
group,

wherein at least 1 of said complementary connector
polynucleotides hybridizes to at least 2 connector
polynucleotides, and

iv) reacting at least 2 reactants or functional entity reactive
groups by reacting at least 1 reactive group of each
reactant or functional entity,
wherein the reaction of said reactants or functional

entity reactive groups results in the formation of the
molecule by reacting the reactive groups of the reac-
tants, or by covalently linking at least 2 functional
entities provided by separate complementary connec-
tor polynucleotides.

Step iv) can e.g. comprise an embodiment wherein at
least 3 reactants or functional entity reactive groups,
such as at least 4 reactants or functional entity reactive
groups, for example at least 5 reactants or functional
entity reactive groups, such as at least 6, such as at
least 8, for example at least 10 reactants or functional
entity reactive groups, by reacting at least 1 reactive
group of each reactant or functional entity.
In one embodiment the method preferably comprises in
steps iii) and iv),
iii) hybridizing at least 3 complementary connector poly-
nucleotides to at least 2 connector polynucleotides,
wherein at least 3 of said complementary connector
polynucleotides comprise at least 1 reactant, such as a
functional entity comprising at least 1 reactive group,

wherein at least 1 of said complementary connector
polynucleotides hybridizes to at least 2 connector
polynucleotides,

and

iv) reacting at least 3 reactants or functional entity reactive
groups by reacting at least 1 reactive group of each
reactant or functional entity,
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wherein the reaction of said reactants or functional entity
reactive groups results in the formation of the molecule
by reacting the reactive groups of the reactants, or by
covalently linking at least 3 functional entities provided
by separate complementary connector polynucleotides.

Step 1v) can e.g. comprise an embodiment wherein at least

4 reactants or functional entity reactive groups are reacted,
such as at least 5 reactants or functional entity reactive groups
are reacted, for example at least 6 reactants or functional
entity reactive groups are reacted, such as at least 8 reactants
or functional entity reactive groups, such as at least 10, for
example at least 12 reactants or functional entity reactive
groups are reacted, by reacting at least 1 reactive group of
each reactant or functional entity.

In one embodiment the method preferably comprises in

steps iii) and iv),

iii) hybridizing at least 4 complementary connector poly-
nucleotides to at least 2 connector polynucleotides,
wherein at least 4 of said complementary connector

polynucleotides comprise at least 1 reactant such as a
functional entity comprising at least 1 reactive group,
wherein at least 1 of said complementary connector
polynucleotides hybridizes to at least 2 connector
polynucleotides,
and

iv) reacting at least 4 reactants or functional entity reactive
groups by reacting at least 1 reactive group of each
reactant or functional entity,

wherein the reaction of said reactants or functional entity
reactive groups results in the formation of the molecule
by reacting the reactive groups of the reactants, or by
covalently linking at least 4 functional entities provided
by separate complementary connector polynucleotides.

Step 1v) can e.g. comprise an embodiment wherein at least

5 reactants or functional entity reactive groups are reacted,
such as at least 6 reactants or functional entity reactive groups
are reacted, for example at least 8 reactants or functional
entity reactive groups are reacted, such as at least 10 reactants
or functional entity reactive groups are reacted, for example at
least 12 reactants or functional entity reactive groups are
reacted, such as at least 14 reactants or functional entity
reactive groups are reacted, by reacting at least 1 reactive
group of each reactant or functional entity.

In one embodiment the method preferably comprises in

steps iii) and iv),
iii) hybridizing at least 5 complementary connector poly-
nucleotides to at least 2 connector polynucleotides,
wherein at least 5 of said complementary connector
polynucleotides comprise at least 1 reactants, such as
a functional entity comprising at least 1 reactive
group,

wherein at least 1 of said complementary connector
polynucleotides hybridizes to at least 2 connector
polynucleotides,

and

iv) reacting at least 5 reactants or functional entity reactive
groups by reacting at least 1 reactive group of each
reactant or functional entity,

wherein the reaction of said reactants or functional entity
reactive groups results in the formation of the molecule
by reacting the reactive groups of the reactants, or by
covalently linking at least 5 functional entities provided
by separate complementary connector polynucleotides.

Step 1v) can e.g. comprise an embodiment wherein at least

6 reactants or functional entity reactive groups are reacted,
such as at least 7 reactants or functional entity reactive groups
are reacted, for example at least 8 reactants or functional
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entity reactive groups are reacted, such as at least 10 reactants
or functional entity reactive groups are reacted, for example at
least 12 reactants or functional entity reactive groups are
reacted, such as at least 14 reactants or functional entity
reactive groups are reacted, for example at least 16 reactants
or functional entity reactive groups are reacted, such as at
least 18 reactants or functional entity reactive groups are
reacted, by reacting at least 1 reactive group of each reactant
or functional entity.

The above method of can comprise the further step(s) of
hybridizing at least 1 further complementary polynucleotide
selected from the group consisting of

a) complementary connector polynucleotides comprising

at least 1 functional entity comprising at least 1 reactive
group,

b) complementary connector polynucleotides comprising

at least 1 reactive group,

¢) complementary connector polynucleotides comprising

at least 1 spacer region,

to the hybridization complex of step iii), such as to at least 1
connector polynucleotide hybridized to a complementary
connector polynucleotide in this complex

and/or the further step(s) of hybridizing at least 1 further
connector polynucleotide to the hybridization complex of
step iii), such as to at least 1 complementary connector poly-
nucleotide hybridized to a connector polynucleotide in this
complex.

The above further step(s) can be repeated as often as
required and at least e.g. 2 or 3 times, such as 4 or 5 times, for
example 6 or 7 times, such as 8 or 9 times, for example 10 or
11 times, such as 12 or 13 times, for example 14 or 15 times,
such as 16 or 17 times, for example 18 or 19 times, such as 20
or 21 times, for example 22 or 23 times, such as 24 or 25
times, for example 26 or 27 times, such as 28 or 29 times, for
example 30 or 31 times, such as 32 or 33 times, for example
34 or 35 times, such as 36 or 37 times, for example 38 or 39
times, such as 40 or 41 times, for example 42 or 43 times, such
as 44 or 45 times, for example 46 or 47 times, such as 48 or 49
times, for example 50 times.

It is also possible to repeat steps iii) and iv) of the above
method at least once, such as 2 or 3 times, such as 4 or 5 times,
for example 6 or 7 times, such as 8 or 9 times, for example 10
or 11 times, such as 12 or 13 times, for example 14 or 15
times, such as 16 or 17 times, for example 18 or 19 times, such
as 20 or 21 times, for example 22 or 23 times, such as 24 or 25
times, for example 26 or 27 times, such as 28 or 29 times, for
example 30 or 31 times, such as 32 or 33 times, for example
34 or 35 times, such as 36 or 37 times, for example 38 or 39
times, such as 40 or 41 times, for example 42 or 43 times, such
as 44 or 45 times, for example 46 or 47 times, such as 48 or 49
times, for example 50 times.

In some preferred embodiments, at least n connector poly-
nucleotides and at least n—1 complementary connector poly-
nucleotides are provided, n being an integer preferably of
from 3 to 6, and each complementary connector polynucle-
otide hybridizes to at least 2 connector polynucleotides. n can
thus be 3 or 4 or 5 or 6. In other embodiments, n can be more
than 6, such as 7 or 8, for example 9 or 10, such as 11 or 12,
for example 13 or 14, such as 15 or 16, for example 17 or 18,
such as 19 or 20, for example 21 or 22, such as 23 or 24, for
example 25 or 26, such as 27 or 28, for example 29 or 30, such
as 31 or 32, for example 33 or 34, such as 35 or 36, for
example 37 or 38, such as 39 or 40, for example 41 or42, such
as 43 or 44, for example 45 or 46, such as 47 or 48, for
example 49 or 50.

Below is described further embodiments of the methods of
the invention for synthesising at least one molecule. The
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below embodiments are concerned with the provision of dif-
ferent types of hybridisation complexes comprising a plural-
ity of CPNs hybridised to a plurality of CCPNs. The below
non-exhaustive examples and embodiments specify some of
the possibilities for providing CPNs and CCPNss and forming
hybridisation complexes comprising a plurality of CPNs
hybridised to a plurality of CCPNs. The examples are illus-
trated in FIG. 4 herein. It will be understood that all or only
some of the CPNs and CCPNs provided can comprise a
polynucleotide part linked to a reactant (capital letters in FIG.
4). For all of the below embodiments, the at least one mol-
ecule can be generated by reacting reactants positioned on
separate CPNs and/or separate CCPNs prior to the formation
of the at least one molecule.

In one embodiment, at least n connector polynucleotides
and at least n complementary connector polynucleotides are
provided, n being an integer of preferably from 3 to 6, and at
least n—1 complementary connector polynucleotide hybrid-
ize to at least 2 connector polynucleotides. There is also
provided a method wherein n complementary connector
polynucleotide hybridize to at least 2 connector polynucle-
otides. n can thus be 3 or 4 or 5 or 6. In other embodiments, n
can be more than 6, such as 7 or 8, for example 9 or 10, such
as 11 or 12, for example 13 or 14, such as 15 or 16, for
example 17 or 18, such as 19 or 20, for example 21 or 22, such
as 23 or 24, for example 25 or 26, such as 27 or 28, for
example 29 or 30, such as 31 or 32, for example 33 or 34, such
as 35 or 36, for example 37 or 38, such as 39 or 40, for
example 41 or 42, such as 43 or 44, for example 45 or 46, such
as 47 or 48, for example 49 or 50.

Inyet another embodiment, at least n connector polynucle-
otides and at least n+1 complementary connector polynucle-
otides are provided, n being an integer of preferably from 3 to
6, and at least n-1 complementary connector polynucleotide
hybridize to at least 2 connector polynucleotides. It is also
possible that n complementary connector polynucleotide
hybridize to at least 2 connector polynucleotides. n can thus
be 3 or4 or 5or 6. In other embodiments, n can be more than
6, such as 7 or 8, for example 9 or 10, such as 11 or 12, for
example 13 or 14, such as 15 or 16, for example 17 or 18, such
as 19 or 20, for example 21 or 22, such as 23 or 24, for
example 25 or 26, such as 27 or 28, for example 29 or 30, such
as 31 or 32, for example 33 or 34, such as 35 or 36, for
example 37 or 38, such as 39 or 40, for example 41 or 42, such
as 43 or 44, for example 45 or 46, such as 47 or 48, for
example 49 or 50. There is also provided a method wherein n
complementary connector polynucleotide hybridize to at
least 2 connector polynucleotides.

In a still further embodiment, at least n connector poly-
nucleotides and at least n+2 complementary connector poly-
nucleotides are provided, n being an integer of preferably
from 3 to 6, and at least n—1 complementary connector poly-
nucleotide hybridize to at least 2 connector polynucleotides.
It is also possible for n complementary connector polynucle-
otide to hybridize to at least 2 connector polynucleotides. n
can thus be 3 or 4 or 5 or 6. In other embodiments, n can be
more than 6, such as 7 or 8, for example 9 or 10, such as 11 or
12, for example 13 or 14, such as 15 or 16, for example 17 or
18, such as 19 or 20, for example 21 or 22, such as 23 or 24,
for example 25 or 26, such as 27 or 28, for example 29 or 30,
such as 31 or 32, for example 33 or 34, such as 35 or 36, for
example 37 or 38, such as 39 or 40, for example 41 or 42, such
as 43 or 44, for example 45 or 46, such as 47 or 48, for
example 49 or 50.

Inyet another embodiment, at least n connector polynucle-
otides and at least n+3 complementary connector polynucle-
otides are provided, n being an integer of preferably from 3 to
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6, and at least n-1 complementary connector polynucleotide
hybridize to at least 2 connector polynucleotides. It is also
possible for n complementary connector polynucleotide to
hybridize to at least 2 connector polynucleotides. n can thus
be 3 or4 or 5or 6. In other embodiments, n can be more than
6, such as 7 or 8, for example 9 or 10, such as 11 or 12, for
example 13 or 14, such as 15 or 16, for example 17 or 18, such
as 19 or 20, for example 21 or 22, such as 23 or 24, for
example 25 or 26, such as 27 or 28, for example 29 or 30, such
as 31 or 32, for example 33 or 34, such as 35 or 36, for
example 37 or 38, such as 39 or 40, for example 41 or42, such
as 43 or 44, for example 45 or 46, such as 47 or 48, for
example 49 or 50.

In a further embodiment at least n connector polynucle-
otides and at least n+4 complementary connector polynucle-
otides are provided, n being an integer of from preferably 3 to
6, and at least n-1 complementary connector polynucleotide
hybridize to at least 2 connector polynucleotides. It is also
possible for n complementary connector polynucleotide to
hybridize to at least 2 connector polynucleotides. n can thus
be 3 or4 or 5or 6. In other embodiments, n can be more than
6, such as 7 or 8, for example 9 or 10, such as 11 or 12, for
example 13 or 14, such as 15 or 16, for example 17 or 18, such
as 19 or 20, for example 21 or 22, such as 23 or 24, for
example 25 or 26, such as 27 or 28, for example 29 or 30, such
as 31 or 32, for example 33 or 34, such as 35 or 36, for
example 37 or 38, such as 39 or 40, for example 41 or42, such
as 43 or 44, for example 45 or 46, such as 47 or 48, for
example 49 or 50.

In still further embodiments, there is provided methods
wherein n connector polynucleotides and at least n+5, such as
at least n+6, for example n+7, such as at least n+8, for
example n+9, such as at least n+10, for example n+11, such as
at least n+12, for example at least n+13, such as n+14, for
example at least n+15, such as n+16, for example at least
n+17, such as n+18, for example at least n+19, such as n+20,
for example at least n+21, such as at least n+22, for example
n+23, suchas at least n+24, for example n+25 complementary
connector polynucleotides are provided, n being an integer of
preferably from 3 to 6, and at least n—-1 or n complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides. n can also be more than 6, such as e.g. such
as 7 or 8, for example 9 or 10, such as 11 or 12, for example
13 or 14, such as 15 or 16, for example 17 or 18, such as 19 or
20, for example 21 or 22, such as 23 or 24, for example 25 or
26, such as 27 or 28, for example 29 or 30, such as 31 or 32,
for example 33 or 34, such as 35 or 36, for example 37 or 38,
such as 39 or 40, for example 41 or 42, such as 43 or 44, for
example 45 or 46, such as 47 or 48, for example 49 or 50.

In all of the above-mentioned methods it is furthermore
possible for any plurality of complementary connector poly-
nucleotides to hybridise to a single connector polynucleotide
of the supramolecular complex. Any plurality can be e.g., but
not limited to, 2 or 3, for example 4 or 5 or 6, such as 7 or 8,
for example 9 or 10, such as 11 or 12, for example 13 or 14,
such as 15 or 16, for example 17 or 18, such as 19 or 20, for
example 21 or 22, such as 23 or 24, for example 25 or 26, such
as 27 or 28, for example 29 or 30, such as 31 or 32, for
example 33 or 34, such as 35 or 36, for example 37 or 38, such
as 39 or 40, for example 41 or 42, such as 43 or 44, for
example 45 or 46, such as 47 or 48, for example 49 or 50.

More than one single connector polynucleotide can be
hybridized to the above plurality of complementary connec-
tor polynucleotides, such as 2 single connector polynucle-
otides, for example 3 or 4 single connector polynucleotides,
such as 5 or 6 single connector polynucleotides, for example
7 or 8 single connector polynucleotides, such as 9 or 10 single
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connector polynucleotides, for example 11 or 12 single con-
nector polynucleotides, such as 13 or 14 single connector
polynucleotides, for example 15 or 16 single connector poly-
nucleotides, such as 17 or 18 single connector polynucle-
otides, for example 19 or 20 single connector polynucle-
otides.

The plurality of connector polynucleotides provided can
comprise linear and/or branched connector polynucleotides.
In one embodiment, the plurality of connector polynucle-
otides comprise at least n branched connector polynucle-
otides and at least n complementary connector polynucle-
otides, n being an integer of preferably from 2 to 6, and
wherein at least n-1 complementary connector polynucle-
otide hybridize to at least 2 branched connector polynucle-
otides. In other embodiments there is provided at least n+1
complementary connector polynucleotides. Also, it is pos-
sible for at least n such as n+1 complementary connector
polynucleotides to hybridize to at least 2 branched connector
polynucleotides. n can thus be 3 or 4 or 5 or 6. In other
embodiments, n can be more than 6, such as 7 or 8, for
example 9 or 10, such as 11 or 12, for example 13 or 14, such
as 15 or 16, for example 17 or 18, such as 19 or 20, for
example 21 or 22, such as 23 or 24, for example 25 or 26, such
as 27 or 28, for example 29 or 30, such as 31 or 32, for
example 33 or 34, such as 35 or 36, for example 37 or 38, such
as 39 or 40, for example 41 or 42, such as 43 or 44, for
example 45 or 46, such as 47 or 48, for example 49 or 50.

In one embodiment, a molecule of the invention is formed
when functional entities are transferred from donor comple-
mentary connector polynucleotides to an acceptor comple-
mentary connector polynucleotide. Accordingly, one or more
reactive group(s) of at least 1 functional entity of a comple-
mentary connector polynucleotide react with one or more
reactive group(s) of at least 1 functional entity of at least 1
other complementary connector polynucleotide. The at least
1 functional entity preferably comprise from 1 to 6 reactive
groups, such as e.g. 2 or 3 or 4 or 5 reactive groups.

In one preferred embodiment, at least 3 reactive groups of
at least 1 functional entity react with at least 1 reactive group
of at least 3 other functional entities. The molecule can ulti-
mately be generated on an acceptor complementary connec-
tor polynucleotide by covalently linking functional entities,
or a part thereof, donated by one or more individual comple-
mentary connector polynucleotides (CCPNs) each compris-
ing at least one functional entity, such as 2 or 3 CCPNs, for
example 4 or 5 CCPNs, such as 6 or 7 CCPNs, for example 8
or 9 CCPNs, such as 10 or 11 CCPNs, for example 12 or 13
CCPNs, such as 14 or 15 CCPNs, for example 16 or 17
CCPNs, such as 18 or 19 CCPNs, for example 20 or 21
CCPNs, such as 22 or 23 CCPNs, for example 24 or 25
CCPNs.

The plurality of complementary connector polynucle-
otides preferably comprise at least 2 complementary connec-
tor polynucleotides (CCPNs) which are non-identical, such
as 10 CCPNgs, for example 50 CCPNs, such as 1000 CCPNs,
for example 10000 CCPNs, such as 100000 CCPNs which are
non-identical.

In one embodiment there is provided a method wherein
said plurality of complementary connector polynucleotides
comprise at least 2 branched complementary connector poly-
nucleotides.

The plurality of connector polynucleotides preferably
comprise connector polynucleotides comprising a sequence
of n nucleotides, wherein n is an integer of from 8 to prefer-
ably less than 400, such as 300, for example 200, such as 100,
for example 50, such as 40, for example 30. The plurality of
connector polynucleotides can further comprise connector
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polynucleotides comprising at least 1 branching point con-
necting at least three polynucleotide fragments comprising a
sequence of n nucleotides, wherein n is an integer of from 8 to
preferably less than 400, such as 300, for example 200, such
as 100, for example 50, such as 40, for example 30.

In some embodiments of the invention connector poly-
nucleotides can be selected from the group consisting of

a) connector polynucleotides comprising at least 1 func-
tional entity comprising at least 1 reactive group,

b) connector polynucleotides comprising at least 1 reactive
group,

¢) connector polynucleotides comprising at least 1 spacer
region,

The plurality of complementary connector polynucle-
otides can comprise polynucleotides comprising a sequence
of n nucleotides, wherein n is an integer of from 8 to prefer-
ably less than 400, such as 300, for example 200, such as 100,
for example 50, such as 40, for example 30. The plurality of
complementary connector polynucleotides can further com-
prise polynucleotides comprising at least 1 branching point
connecting at least three polynucleotide fragments compris-
ing a sequence of n nucleotides, wherein n is an integer of
from 8 to preferably less than 400, such as 300, for example
200, such as 100, for example 50, such as 40, for example 30.

In another aspect of the invention there is provided a
method for synthesising a plurality of different molecules,
said method comprising the steps of performing any of the
methods described herein above for each different molecule
being synthesised.

Further steps in the method for synthesising a plurality of
different molecules are provided herein below. One further
step comprises selecting molecules having desirable charac-
teristics, wherein the selection employs a predetermined
assaying procedure.

Another further step is amplifying at least part of the indi-
vidual connector polynucleotides used for the synthesis of a
selected molecule. Yet another further step is contacting a
population of said amplified connector polynucleotides, or
fragments thereof, with a plurality of complementary connec-
tor polynucleotides.

It is also possible to perform an additional synthesis round
by carrying out the steps of the method using a population of
said amplified connector polynucleotides or a population of
said amplified connector polynucleotide fragments.

A still further step is characterised by performing a ligation
of individual CPNs or individual CCPNs, optionally pre-
ceded by a polynucleotide extension reaction for extending
gaps and e.g. duplex polynucleotides further comprising a
single stranded part selected from the group consisting of a
non-hybridizing part of a connector polynucleotide and a
non-hybridizing part of a complementary connector poly-
nucleotide.

Further steps pertaining to this method are

a) digesting said ligated and optionally extended duplex
polynucleotides,

b) displacing the duplex polynucleotides, thereby generat-
ing single polynucleotide strands of extended connector
polynucleotides and extended complementary connec-
tor polynucleotides, and

¢) contacting digested, extended and displaced connector
polynucleotides with a plurality of complementary con-
nector polynucleotides, after which it is possible to

performing an additional synthesis round by carrying out the
steps of the method using a population of said ligated (and
optionally extended), digested and displaced connector poly-
nucleotides.
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The invention also pertains to bifunctional molecules com-
prising a molecule part and a hybridisation complex part
comprising a plurality of hybridised building block poly-
nucleotides. The molecules capable of being synthesised by
the present invention (i.e. the molecule part of bifunctional
molecules) are disclosed in detail herein below. It will be
understood that the invention also pertains to bifunctional
molecules comprises such molecules.

Molecules capable of being synthesised by the methods of
the present invention include, but is not limited to molecules
comprising a linear sequence of functional entities and
branched molecules comprising a branched sequence of func-
tional entities. Molecules comprising a cyclic sequence of
functional entities can also be provided.

Yet another example of a molecule capable of being syn-
thesised is an oligomer or a polymer comprising at least one
repetitive sequence of functional entities. In one embodiment,
the sequence of at least three functional entities is preferably
repeated at least twice in the molecule, in another embodi-
ment any sequence of at least three functional entities in the
molecule occurs only once.

Preferred molecules comprise or essentially consists of
amino acids selected from the group consisting of ci-amino
acids, -amino acids, y-amino acids, co-amino acids, natural
amino acid residues, monosubstituted a.-amino acids, disub-
stituted a-amino acids, monosubstituted 3-amino acids, dis-
ubstituted f-amino acids, trisubstituted amino acids, and tet-
rasubstituted, amino acids.

The backbone structure of said -amino acids preferably
comprises or essentially consists of a cyclohexane-backbone
and/or a cyclopentane-backbone.

Other preferred classes of molecules are molecule com-
prising or essentially consisting of vinylogous amino acids,
and molecule comprises or essentially consists of N-substi-
tuted glycines.

Further preferred molecules comprise or essentially con-
sistof a-peptides, -peptides, y-peptides, w-peptides, mono-,
di- and tri-substituted a-peptides, [-peptides, y-peptides,
w-peptides, peptides wherein the amino acid residues are in
the L-form or in the D-form, vinylogous polypeptides, gly-
copoly-peptides, polyamides, vinylogous sulfonamide pep-
tide, polysulfonamide, conjugated peptides comprising e.g.
prosthetic groups, polyesters, polysaccharides, polycarbam-
ates, polycarbonates, polyureas, polypeptidylphosphonates,
polyurethanes, azatides, oligo N-substituted glycines, poly-
ethers, ethoxyformacetal oligomers, poly-thioethers, poly-
ethylene glycols (PEG), polyethylenes, polydisulfides, pol-
yarylene  sulfides, polynucleotides, PNAs, LNAs,
morpholinos, oligo pyrrolidone, polyoximes, polyimines,
polyethyleneimines, polyimides, polyacetals, polyacetates,
polystyrenes, polyvinyl, lipids, phospholipids, glycolipids,
polycyclic compounds comprising e.g. aliphatic or aromatic
cycles, including polyheterocyclic compounds, proteogly-
cans, and polysiloxanes, including any combination thereof.

Yet further preferred molecules are those comprising a
scaffold structure comprising a plurality of covalently linked
functional entities selected from the group consisting of
a-peptides, [-peptides, y-peptides, w-peptides, mono-, di-
and tri-substituted a.-peptides, -peptides, y-peptides, w-pep-
tides, peptides wherein the amino acid residues are in the
L-form or in the D-form, vinylogous polypeptides, glyco-
poly-peptides, polyamides, vinylogous sulfonamide pep-
tides, polysulfonamides, conjugated peptides comprising e.g.
prosthetic groups, polyesters, polysaccharides, polycarbam-
ates, polycarbonates, polyureas, polypeptidylphosphonates,
polyurethanes, azatides, oligo N-substituted glycines, poly-
ethers, ethoxyformacetal oligomers, poly-thioethers, poly-

35

40

45

55

32
ethylene glycols (PEG), polyethylenes, polydisulfides, pol-
yarylene sulfides, polynucleotides, PNAs, LNAs,

morpholinos, oligo pyrrolidones, polyoximes, polyimines,
polyethyleneimines, polyimides, polyacetals, polyacetates,
polystyrenes, polyvinyl, lipids, phospholipids, glycolipids,
polycyclic compounds comprising e.g. aliphatic or aromatic
cycles, including polyheterocyclic compounds, proteogly-
cans, and polysiloxanes, and wherein the plurality of func-
tional entities is preferably from 2 to 200, for example from 2
to 100, such as from 2 to 80, for example from 2 to 60, such
as from 2 to 40, for example from 2 to 30, such as from 2 to 20,
for example from 2 to 15, such as from 2 to 10, such as from
2 to 8, for example from 2 to 6, such as from 2 to 4, for
example 2, such as from 3 to 100, for example from 3 to 80,
such as from 3 to 60, such as from 3 to 40, for example from
310 30, such as from 3 to 20, such as from 3 to 15, for example
from 3 to 15, such as from 3 to 10, such as from 3 to 8, for
example from 3 to 6, such as from 3 to 4, for example 3, such
as from 4 to 100, for example from 4 to 80, such as from 4 to
60, such as from 4 to 40, for example from 4 to 30, such as
from 4 to 20, such as from 4 to 15, for example from 4 to 10,
such as from 4 to 8, such as from 4 to 6, for example 4, for
example from 5 to 100, such as from 5 to 80, for example from
510 60, such as from 5 to 40, for example from 5 to 30, such
as from 5 to 20, for example from Sto 15, such as from 5to 10,
such as from 5 to 8, for example from 5 to 6, for example 5,
such as from 6 to 100, for example from 6 to 80, such as from
6 to 60, such as from 6 to 40, for example from 6 to 30, such
as from 6 to 20, such as from 6 to 15, for example from 6 to 10,
such as from 6 to 8, such as 6, for example from 7 to 100, such
as from 7 to 80, for example from 7 to 60, such as from 7 to 40,
for example from 7 to 30, such as from 7 to 20, for example
from 7 to 15, such as from 7 to 10, such as from 7 to 8, for
example 7, for example from 8 to 100, such as from 8 to 80,
for example from 8 to 60, such as from 8 to 40, for example
from 8 to 30, such as from 8 to 20, for example from 8 to 15,
such as from 8 to 10, such as 8, for example 9, for example
from 10 to 100, such as from 10 to 80, for example from 10 to
60, such as from 10 to 40, for example from 10 to 30, such as
from 10 to 20, for example from 10 to 15, such as from 10 to
12, such as 10, for example from 12 to 100, such as from 12
to 80, for example from 12 to 60, such as from 12 to 40, for
example from 12 to 30, such as from 12 to 20, for example
from 12 to 15, such as from 14 to 100, such as from 14 to 80,
for example from 14 to 60, such as from 14 to 40, for example
from 14 to 30, such as from 14 to 20, for example from 14 to
16, such as from 16 to 100, such as from 16 to 80, for example
from 16 to 60, such as from 16 to 40, for example from 16 to
30, such as from 16 to 20, such as from 18 to 100, such as from
18 to 80, for example from 18 to 60, such as from 18 to 40, for
example from 18 to 30, such as from 18 to 20, for example
from 20 to 100, such as from 20 to 80, for example from 20 to
60, such as from 20 to 40, for example from 20 to 30, such as
from 20 to 25, for example from 22 to 100, such as from 22 to
80, for example from 22 to 60, such as from 22 to 40, for
example from 22 to 30, such as from 22 to 25, for example
from 25 to 100, such as from 25 to 80, for example from 25 to
60, such as from 25 to 40, for example from 25 to 30, such as
from 30 to 100, for example from 30 to 80, such as from 30 to
60, for example from 30 to 40, such as from 30 to 35, for
example from 35 to 100, such as from 35 to 80, for example
from 35 to 60, such as from 35 to 40, for example from 40 to
100, such as from 40 to 80, for example from 40 to 60, such as
from 40 to 50, for example from 40 to 45, such as from 45 to
100, for example from 45 to 80, such as from 45 to 60, for
example from 45 to 50, such as from 50 to 100, for example
from 50 to 80, such as from 50 to 60, for example from 50 to
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55, such as from 60 to 100, for example from 60 to 80, such as
from 60to 70, for example from 70 to 100, such as from 70 to
90, for example from 70 to 80, such as from 80 to 100, for
example from 80 to 90, such as from 90 to 100.

Molecular weights of the molecules to be synthesised in
accordance with the present invention are preferably “small
molecules”, i.e. molecules preferably having a molecular
weight (MW) of less than 10000 Daltons, such as less than
8000 Daltons, for example less than 6000 Daltons, such as
less than 5000 Daltons, for example less than 4000 Daltons,
for example less than 3500 Daltons, such as less than 3000
Daltons, for example less than 2500 Daltons, for example less
than 2000 Daltons, such as less than 1800 Daltons, for
example less than 1600 Daltons, for example less than 1400
Daltons, such as less than 1200 Daltons, for example less than
1000 Daltons.

The functional entities of the above molecules can be
linked by a chemical bond selected from the group of chemi-
cal bonds consisting of peptide bonds, sulfonamide bonds,
ester bonds, saccharide bonds, carbamate bonds, carbonate
bonds, urea bonds, phosphonate bonds, urethane bonds, aza-
tide bonds, peptoid bonds, ether bonds, ethoxy bonds, thio-
ether bonds, single carbon bonds, double carbon bonds, triple
carbon bonds, disulfide bonds, sulfide bonds, phosphodiester
bonds, oxime bonds, imine bonds, imide bonds, including
any combination thereof.

In one embodiment the chemical bond linking at least some
of'the functional entities of the molecule is preferably formed
by areaction of a nucleophile group of a first functional entity
with an ester or thioester of another functional entity. The
linker of the functional entity bearing the thioester group is
preferably cleaved simultaneously with the formation of the
bond resulting in a transfer of the functional entity or a part
thereof to the nucleophilic functional entity. The nucleophile
group is preferably selected from —NH,, H,NHN—,
HOHN—, H,N—C(O)—NH—.

The backbone structure of a molecule synthesised by the
methods of the present invention can comprises or essentially
consists of one or more molecular group(s) selected from
—NHNR)CO—; —NHB(R)CO—; —NHC(RR"CO—;
—NHC(—CHR)CO—; —NHCH,CO—;
—NHCH,CHRCO—; —NHCHRCH,CO—; —COCH,—;

~—CO8—; —CONR—; —COO—; —CSNH
—CH,NH—; —CH,CH, ; —CH,S— —CH,SO
—CH,SO,—: ~ CH(CH,)S—; — CH—CH—;
—NHCO—; —NHCONH-—; —CONHO—; —C(—CH,)
CH,—: —PO,NH—; —PO,"CH,; — PO, CH,N*:

—SO,NH™—; and lactams.

In accordance with the present invention it is possible to
generate a composition comprising a plurality of more than or
about 10 different molecules, such as more than or about 10*
different molecules, for example more than or about 10°
different molecules, such as more than or about 10° different
molecules, for example more than or about 107 different mol-
ecules, such as more than or about 10 different molecules, for
example more than or about 10° different molecules, such as
more than or about 10'° different molecules, for example
more than or about 10'! different molecules, such as more
than or about 10" different molecules, for example more than
or about 10'? different molecules, such as more than or about
10** different molecules, for example more than or about 102
different molecules, such as more than or about 10*6 different
molecules, for example more than or about 107 different
molecules, such as more than or about 10'® different mol-
ecules.

The molecules can be targeted to a potential binding part-
ner while still bound to a CCPN or a CPN of a bifunctional
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molecule, or the molecules can be cleaved from the CPPN to
which they are bound following their synthesis. When tar-
geted to a potential binding partner, the present invention also
pertains to complexes further comprising a binding partner
having an affinity for the molecule. Such binding partners can
be e.g. any another molecule selected from the group consist-
ing of DNA, RNA, antibody, peptide, or protein, or deriva-
tives thereof.

Methods for the synthesis and efficient screening of mol-
ecules is described herein above. The below sections describe
in further detail selected embodiments and different modes
for carrying out the present invention.

The methods of the present invention allows molecules to
be formed through the reaction of a plurality of reactants,
such as e.g. reactions involving the formation of bonds
between functional entities i.e. chemical moieties, by the
reaction of functional entity reactive groups. The present
invention describes the use of connector polynucleotides
(CPN’s) to bring functional entities in proximity, whereby
such bond formations are made possible, leading to the syn-
thesis of molecules such as e.g. small molecules and poly-
mers.

In the present invention, the individual chemical moieties/
functional entities may be carried by oligonucleotides
(CCPN’s) capable of annealing to said CPN’s. The combina-
tion and reaction of functional entity reactive groups carried
by such complementary connectors polynucleotides, will
lead to formation of molecules via complexation to CPN’s.

Each CPN may bring two or more CCPN’s in proximity,
whereby reactions between functional groups on these
CCPN’s are made more likely to occur. Functional entity
reactive groups/reactive moieties/functional groups may be
activated scaffolds or activated substituent like moieties etc.
Some CCPN’s only anneal to one CPN other CCPN’s may
anneal to two CPN’s. In one embodiment of the present
invention, a CCPN anneals to a CPN, which CPN allows the
annealing of one further CCPN. This second CCPN may then
allow the annealing of a second CPN, which may allow
annealing of further CCPN’s and so forth (See e.g. FIG. 22).
Hybridization of multiple CCPN’s and CPN’s may be either
sequentially or simultaneously in either one or multiple tubes.
As such all CCPN’s and CPN’s may be added at once. Alter-
natively, they may be added sequentially, i.e. e.g. first a set of
CPN’s, then a set of CCPN’s followed by a new set of CPN’s
or visa versa. In this sequential setting a handling control of
CCPN/CPN-complex selfassembly is achieved. In another
embodiment, a set of CCPN’s forms complexes A'-A” with a
set of CPN’s in one separate compartment e.g. a tube. In other
compartments, other sets of CCPN’s forms complexes B!-B”
with a set of CPN’s etc. These separately formed complexes
may be combined and form further new complexes, either
directly or through further addition of CCPN’s or CPN’s.
This illustrates still another way of a handling control of
CCPN/CPN-complex selfassembly.

The present invention may be used in the formation of a
library of compounds. Each member of the library is
assembled by the use of a number of CCPN’s, which number
may be the same or different for different molecules. This will
allow the formation of a mixed library of molecules
assembled from 2 to n chemical moieties/fragments/func-
tional entities or parts thereof.

If such a library, e.g. contains molecules assembled from
1-7 functional entities/chemical moieties and 100 different
functional entity/moiety types exists, the library would theo-
retically be a mixture of more than 1007 molecules. See FIG.
3.
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In one setting, a CCPN may specity for the annealing of a
specific type of CPN, a CPN which will specify the annealing
of a further specific second CCPN, which functional entity
reactive groups are capable of reacting with the functional
entity reactive groups of CCPN one. In this setting each
CCPN will therefore specify, which CCPN it interacts with
via the CPN sequence, i.e. which reaction partner(s) they
accept/prefer.

Some CCPN’s carrying scaffolds may contain a certain set
of functional groups. Other CCPN’s carry scaffolds with
another set of functional groups and still, each scaffold car-
rying CCPN may be combined with other CCPN’s, which
functional entity reactive groups can react with exactly that
scaffold in the presence of a number of other types of
CCPN’s, including e.g. CCPN’s which could have reacted but
were not allowed to react. Further details are described below.
This control of correct/accepted combinations of functional
entity reactive groups will allow the formation of a mixed
library of highly branched, semi-branched and linear mol-
ecules. The CCPN cross talk may also be used to control the
properties of library members. E.g. CCPN’s carrying large
functional entities may only call for CCPN’s carrying small
functional entities or CCPN’s carrying hydrophilic entities
may call for CCPN’s carrying hydrophilic functional entities
or lipophilic functional entities depending on design.

Asthe chemistries applicable, will be increased by the fact,
that CCPN’s themselves ensure correct/accepted functional
entity reaction partners, a much higher number of scaffolds
will become easily available and may co-exist. E.g., it may be
that derivatization of one scaffold can only be performed
through the use of one specific set of transformation, whereas
another scaffold may need another set of transformations.
Different reactions and different CCPN’s will therefore be
needed for derivatization of each of these scaffolds. This is
made possible by the present invention. See further details
below.

As the total number of theoretically synthesizable mol-
ecules may exceed the number of actually synthesized mol-
ecules, which can be present in a given tube, shuffling
becomes important to ensure a maximum of tested CCPN
combinations. If e.g. 10'7 is considered as a potential maxi-
mum number of different molecules present in a given reac-
tion tube, then by using 1.000 different CCPN’s and allowing
formation of molecules assembled from the functional enti-
ties of 6 CCPN’s, this number will be exceeded. Selection
ensures that appropriate CPN’s will survive, and shuffling
will ensure that the number of combinations tested will be
maximized.

In one embodiment of the present invention, a CPN-se-
quence is designed so as to anneal to one specific CCPN-
sequence. This gives a one-to-one relationship between the
functional entity descriptor (e.g. a polynucleotide based
codon) and encoded functional entity. However, the same
effect, a specific functional entity is encoded by specific
CPNs and CCPNs, can be obtained by having a set of CPN-
sequences that anneal to a set of CCPN-sequences. This
would then require that identical functional entities are car-
ried by all the CPNs or CCPNs of a set.

This kind of “codon-randomization” is sometimes advan-
tageous, for example when CPN-sequences and CCPN-se-
quences are designed so as to allow an expansion of the
library size at a later stage. If the coding region of e.g. a CPN
is 3 nucleotides (providing 64 different codons), but only 16
different functional entities have been prepared, then the
CCPNs may be grouped into 16 groups, for example where
the first of the three nucleotide positions is randomized (i.e. 4
different CCPN-sequences carry the same functional entity).
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A pseudo-one-to-one relationship is thus preserved, since the
identity of the encoded functional entity can be unambigu-
ously identified by identification of the CPN (or CCPN)
involved.

Sometimes scrambling, i.e. one CPN or CCPN sequence
specifying more than one functional entity, is advantageous.
Likewise, under certain conditions it is advantageous to have
one CPN or CCPN specify more than one functional entity.
This will, however, not lead to a one-to-one or a pseudo-one-
to-one relationship. But may be advantageous, for example in
cases where the recovered (isolated) entity from a selection
can be identified through characterization of for example its
mass (rather than its attached polynucleotide complex), as
this will sample a larger chemistry space.

The present invention may use short oligonucleotides,
which are easily available in high purity.

In the assembly of a molecule, individual CCPN’s are
connected via CPN’s. The functional group composition of
each functional entity on the CCPN, determines the shape of
the final molecule. Highly branched molecules may as such
be assembled by transfer (or cross linkage followed by
(linker) cleavage) of functional entities from multiple mono-
functionalized functional entities (i.e. comprising one func-
tion entity reactive group) of CCPN’s (e.g. substituent like) to
multi-functionalized functional entities (i.e. comprising mul-
tiple functional entity reactive groups) of CCPN’s (e.g. scaf-
folds/anchor like). Which transfer may be conducted inone or
more steps. E.g.:

Substituent like CCPN's

Anchor CCPN
P/
1 2 3
] = z
11 I
CPNs
YYR?
RIXX ZZR?

where X, Y and Z denotes functional entity reactive groups
capable of reacting with each other, e.g. an amine reacting
with an acylating CCPN etc., and R denotes a substituent such
e.g. methyl, phenyl etc. E.g.:

NI,
Me
Me I CHO
|= e} 6}
1
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-continued

Linear molecules on the other hand, demands that the
functional entity of the anchor/scatfold like CCPN contains
less activated functionalization (i.e. fewer functional entity
reactive groups), and furthermore that the functional entity
reactive groups of substituent like CCPN’s reacts with each
other. E.g.:

, Y

I
ror s i
X Y 7z —_—
| | |

YYR?—ZZR?
RIXX
I I .
Y
Rl X\Rz/ z E
v ) —
| | |
[
YYRZ
NzzRs
| |
Y

z X
¥ f
X Y 7z B
| | |

YYRZ—ZZR*XXR!
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However, in the formation of a library which both contains
a mixture of highly branched, less branched and linear mol-
ecules, it is important to control, that the number and type of
functional groups capable of reacting with each other match.

The use of a plurality of CPN’s solves this issue, by allow-
ing only specific combinations of CCPN’s in the encoding of
each molecule. Each CPN thereby ensures a specific match
between the number and type of needed reactions. The sim-
plest CPN, for annealing two CCPN’s could be composed
like:

Descriptors of
CCPN 1

Descriptors of
CCPN 2

VYV

CPN

Frameshift control (may be present or absent)
Complementary

hybridizing
region 1

Descriptor for R-group on CCPN 1

1+ Optional descriptor for type and/or number
(a.0.) of functional entities on CCPN

Frameshift control (may be present or absent)

Comphlsnlie.nta.ry s Descriptor for R-group on CCPN 2
hybridizing
region 2 s Optional descriptor for type and/or number
(a.0.) of functional entities on CCPN
==

Spacer (may be present or absent)

The exact position of domain types may be varied as appro-
priate.

Inthe formation of a molecule, a plurality of CPN’s is used.
In the generation of a library of molecules, each molecule will
be assembled through the use of individual combinations of
CPN’s. A library of molecules may be prepared as individu-
ally separated compounds or as a mixture of compounds.

Each set of CPN’s will contain variable polynucleotide
regions in the domains for the descriptors for R-groups, and
each of these variable polynucleotide regions may be com-
bined with different combinations of CCPN annealing capa-
bilities.

Similarly, may CCPN’s, in their hybridizing domains
specify/signal the need for specific reaction partners.

| Functional Entity |

el

CCPN containing one
hybridizing region

| Functional Entityl

NN — T

CCPN containing two
hybridizing regions

mmmmm  Descriptor for substituent or scaffold type (a.0.) - CCPN

Optional call or answer region -signalering in which context
this CCPN is allowed

mnnn
s Optional call or answer region -signalering in which context
this CCPN is allowed

c—=m Linker

In a very simple setting, the scaffold carrying CCPN1’s
signals the need for one specific set (type and number) of
substituent like CCPN’s. E.g.,
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CCPNla CCPN2a CCPN3a CCPN4a CCPN5a
Y
Rl RZ R3
X z
| | |
X Y 4 .
Xyz XyZ I I I
xyz' xyz'
CPN1 CPN2
YYR?
RIXX ZZR?
XyzZ Xyz I I I
xyz' xyz'
CCPN1b CCPN2b CCPN3b CCPN4b CCPN5b
Q
z X
RIZ RZI R53
X Q 7
Xyq  Xyq I | I
xyq  xyq'
CPN1 CPN2
RZIQQ
R¥ZZ XXR 12
Xyq  Xyq I I I
I
xyq  xyq
CCPNlc CCPN2c CCPN3c CCPN4c
9 277
X z II{ II{
X 4 S
Xz XZ I I
xz' xz'
CPN1 CPN2
ROXX ZZR?7

Xz Xz I I
xz' xz'

Each scaffold will thereby be derivatized appropriately,
according to the needed types and numbers of reaction part-
ners. The CCPN1, i.e. the scaffold like/anchor CCPN signals
the need for a set of substituent CCPN’s via annealing to an
appropriate CPN1. This CPN1 calls for another CCPN2,
which in this example corresponds to a spacer. The CCPN2
carry on the call for the appropriate CPN2, carrying the
appropriate substituent like CCPN’s via annealing of these to
that CPN2. In this example, the substituent like CCPN’s can
only be brought in proximity to the appropriate scaffold/
anchor CCPN and thereby allowed to react, if the chemistries
fit, which is signaled through CCPN cross talk via CPN’s. The
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complexes of CPN’s and CCPN’s described in the present
invention may optionally contain single stranded regions.
Another extreme would be the setting where each indi-
vidual CCPN signals its own need for reaction partners. With
mono-directional scaffold derivatization one design/embodi-
ment could be like the following:

Y
i
R! R? R}
X | | |
X Y Z
——
Xy Ixy y Iyz z Iz
xy' xy' y' yz' z 7' terminate
YYR?*ZZR?
RIXX
Xy Ixy y Iyz z Iz
xy' xy' y' yz Z 7' terminate

The anchor/scatfold CCPN carries two functional groups
X andY in the functional entity. It therefore signals the call for
X andY partners. The first substituent like CCPN carries only
a functional group X and answers by signaling this, as it
furthermore calls for a substituent like CCPN carrying func-
tional entity reactive group Y. These “calls/answers” are
mediated via the CPN, without which these two CCPN’s
would not be brought in proximity and allowed to react.

The second substituent like CCPN answers the call for a
functional entity reactive group Y, but since this CCPN also
carries a functional entity reactive group Z, it calls for that.
The third substituent like CCPN answers the call for a func-
tional entity reactive group Z, but does not call for further
CCPN’s. A terminator CPN may optionally anneal to the
fourth complementary connector. As can be seen, the answer
signal may optionally also contains information about, what
exactly this CCPN further calls for. In other words, the call
signal may be answered by the availability of functional
entity reactive groups as well as the one which are further
called for.

The CPN’s may be amplified at some step in the process or
optionally be ligated to yield a one length polynucleotide,
which may also be amplified and optionally further manipu-
lated.

After e.g. selection/enrichment of the CPN/CCPN/small
molecule complexes with desired characteristics (e.g. bind-
ing affinity for a protein target), the CPNs and CCPNs recov-
ered may be amplified before characterization or a further
round of selection, by any of several means:

1. Oligonucleotide primers that anneal to the terminal
regions of the CPNs and CCPNss are added, and a PCR-
reaction performed. This leads to the amplification of the
oligonucleotide portion of all the individual CPNs and
CCPNs. When the CPNs and CCPN5s carry functional
entities, these functional entities can be coupled to one
of the two primers that anneal to a CPN or CCPN. This
will lead to the amplification of this CPN or CCPN with
its functional entity.

2. A PCR reaction may be performed without the addition
of primers. After a number of PCR cycles (e.g. 20-30
cycles), external primers can be added. This will result in
the generation of longer DNA-molecules, spanning the
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length of the quasirandom complexes. If the CPNs and
CCPNs have been appropriately designed, cleavage by
restriction nucleases can regenerate the CPNs and
CCPNss, ready for a new round of quasirandom complex
and small molecule formation.

3. The CPNs or the CCPNs may be ligated together, e.g.
using a DNA ligase. This will result in the generation of
longer DNA-molecules spanning the length of the qua-
sirandom complexes. [f the CPNs and CCPNs have been
appropriately designed, cleavage by restriction
nucleases can regenerate the CPNs and CCPNs, ready
for a new round of quasirandom complex and small
molecule formation.

The same scaffold as described above could end up as a

more branched molecule in another combination of CCPN’s,

eg.:

Y
Z X
~ e
x R! R? R? R*
| | | |
X Y z X
x5 . e T
xy xy ¥ yxz'  xz' xz X X terminate
)|Q(R4
YYIl{Z
Z7ZR?
RIX
Xy Xy y yXz Xz |xz X X
xy/ xy' V! yxz'  xz' Xz x! x  terminate

The difference between the two examples being, that the
second substituent like CCPN in this setting was different, but
still answered the call for a’Y substitutent like CCPN from the
first X substitutent like CCPN. Another difference being, that
this CCPN makes its own call for both a Z and an X functional
entity reactive group carrying substitutent like CCPN. In this
example scrambling may occur due to the fact that the calls
allowed two different X functional entity reactive group car-
rying substituent like CCPN’s to anneal.

In another setting, one may use bi-directional scaffold
derivatization, such as e.g.:

Y
Z
Rr! < RrR2 Rr3
| | |
X Y Z R —

X X y yz z z

terminate x’ X’ Y yz 4 4 terminate
YYR?ZZR?
RIXX
X X y yz z z
terminate x’ x' vy yz' z z terminate

In this setting the scaffold/anchor CCPN contains two call
regions, one at each terminus. Such a setting may be useful in
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amultiple CCPN settings, as substituent CCPN’s are brought
in higher proximity to the anchor CCPN.

In between settings of the above is also possible, i.e. a
combination where some CPN’s hybridizes multiple
CCPN’s, whereas other CPN’s only hybridizes one or two
CCPN’s.

The following example illustrates one example of a setup
for the formation of a linear molecule.

X X X
I I |
R! R2 R3 R*
X X X
X XX X XX X X
X xx! X xx! X X
XXRIXXRIXXR!
R4
X XX X XX X X
X xx! X xx! xx/ X

In this setting the first CCPN signals the call to undergo an
“x”-reaction, which is answered by CCPN number two,
which further signals the call to undergo an “x”-reaction etc.

The fourth CCPN does not make any further calls.

The following section describes how hybridization regions
may be designed for CCPN’s and CPN’s. Each region may
specify, the needed types/numbers of reaction partners.

The following simple example illustrates one design. Two
different scaffold like CCPN’s A and B demands different
types of functional entity reaction group chemistries.

A. Derivatized by alkylation or acylation

JE
4 By

{NH, |

Derivatized by Suzuki or like reaction

B. Derivatized by Suzuki or like reaction

Derivatized by HWE reaction

They are then to be combined with a set of substituent like
CCPN’s as illustrated e.g. C1-C7.
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C.
; Cl
BR BR
_l_ _|_ ete.
Cl C2
Suzuki like CCPN's
0 0
MeOQOC \\S//
ef -
RO—P=0 RO—P=0
...etc
C5 C6

HWE/Wittig type CCPN's

O O
Y AcHN/Y
S S
| ...etc.
C3 Cc4

Acylating CCPN's

Cc7
Alkylating CCPN's

In the very simple setting, the scaffold like CCPN’s calls
for all the substituents needed, where such substituents are
hybridized to e.g. the same CPN, i.e. only two CPN’s are
used. The four synthesized molecules below illustrate some
of the products found in the library.

hd

NMe
A |C1 |C3

CPNla CPN2a
0
Y\NHAC
NI
<!
A |cz |c4
CPNla CPN2b
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-continued
Cl
\ COOMe
B | C5 | C2
CPN1b CPN2¢
o, 0
\/
~
B | Co6 | C1
CPN1b CPN2d

CPN type la anneals the scaffold type A and calls for (can
only combine with) CCPN’s carrying functional entity reac-
tive groups capable of undergoing acylation and/or alkylation
and furthermore a CCPN carrying functional entity reactive
groups capable of undergoing a Suzuki reaction. This ensures
e.g. that CCPN’s carrying functional entity reactive groups
capable of undergoing e.g. HWE reaction will not be com-
bined with scaftold like CCPN type A.

CPN type 2a carries three CCPN’s with functional entity
reactive groups capable of undergoing acylation, alkylation
and Suzuki type reactions.

CPN type 2b carries only two CCPN’s with functional
entity reactive groups capable of undergoing acylation and
Suzuki type reactions.

CPN type 2a thereby allows further branching, whereas
CPN type 2b does not.

CPN type 1b anneals the scaffold type B and calls for (can
only combine with) CCPN’s carrying functional entity reac-
tive groups capable of undergoing HWE/Wittig reaction and
furthermore a CCPN carrying functional entity reactive
groups capable of undergoing a Suzuki reaction. This ensures
e.g. that CCPN’s carrying functional entity reactive groups
capable of undergoing e.g. acylation reaction will not be
combined with scaftold like CCPN type B.

If all four bases are used in the variable regions of CCPN’s
a total and e.g. 256 different scaffolds type A, 256 different
scatfolds type B, 256 different acylating CCPN’s, 256 differ-
ent alkylating CCPN’s, 256 Suzuki type CCPN’s and 256
different HWE/Wittig type CCPN’s could be used. The fol-
lowing sequences for polynucleotide sequences could be one
design to illustrate the principle (wherein N denotes a random
nucleobase, preferably selected from G, A, C, T, U):

(SEQ ID NO:
3 ' -GCGCNNNNGGCG-5"

1)
Scaffold like CCPN’s type A's:

One specific scaffold e.g. the one illustrated above could
e.g. have the specific sequence: 3'-GCGCATTAGGCG-5'".
(SEQID NO:2)
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Another scaffold type A, demanding the same chemistries
but having another skeleton could have the specific sequence:
3'-GCGCTTAAGGCG-5' (SEQ ID NO:3) etc.

(SEQ ID NO:
3'-AATTNNNNTAAT-5'

4)
Scaffold like CCPN’s type B's:

One specific scaffold e.g. the one illustrated above could
e.g. have the specific sequence: 3'-AATTGCCGTAAT-5'
(SEQ ID NO:5)

Another scaffold type A, demanding the same chemistries
but having another skeleton could have the specific sequence:
3-AATTCGGGTAAT-5' (SEQ ID NO:6) etc.

(SEQ ID NO:
3' -TTTTTGAGANNNNAAGGTTTTT-5"

7)
Suzuki type CCPN's:

One specific Suzuki type CCPN e.g. C1 illustrated above
could e.g. have the specific sequence: 3'-TTTTTGAGATTC-
CAAGGTTTTT-5' (SEQ ID NO:8). Another Suzuki type
CCPN could e.g. have the sequence 3'-TTTTTGAGACT-
TCAAGGTTTTT-5' (SEQ ID NO:9).

Acylation type CCPN’s:

(SEQ ID NO: 10)
3'-GTTGNNNN1TGG-5"'
Alkylation type CCPN'’s:

(SEQ ID NO: 11)
3'-AACCNNNNACCA-5'
HWE/Wittig type CCPN's:

(SEQ ID NO: 12)
3'-TTCCNNNNCTCT-5"'
CPN type la sequences:

(SEQ ID NO: 13)

3' -NNNNTCTCAAAAACGCCNNNNGCGC-5"

One specific type of these would be 3'-GGAATCT-
CAAAAACGCCTAATGCGC-5' (SEQ ID NO:14) this CPN
would allow the hybridization of CCPN type A and CCPN
type C1.

Another specific sequence would allow the hybridization
of'e.g. C2 instead of C1 but not C3-C7 etc.

In some settings single stranded regions may be applied to
increase flexibility of the complex. This may be implemented
by increasing e.g. the number of A nucleobases from 5
nucleobases to 7 or 10 or what is found appropriate.

CPN type 2a sequences:

(SEQ ID NO: 15)
3 ' - TGGTNNNNGGT TCCAANNNNCAACAAAAACCTT-5"
CPN type 2b sequences:

(SEQ ID NO: 16)

3'-CCAANNNNCAACAAAAACCTT-5'

Sequences for CPN type 1b, 2¢ and 2d are designed simi-
larly to allow hybridization of CCPN’s carrying functional
entity reactive groups capable of undergoing HWE reactions
rather than acylating and/or alkylating reactions.

If the number of potential combination is to be maximally
increased a high number of CPN’s may be used and each
CCPN may then make use of “cross talk”.

In such a setting, the reactions used may be 1. acylations
(Ac), 2. alkylations (Al) 3. Cross coupling/Suzuki and like
reactions (C) and 4. HWE/Wittig type reactions (W). Each
reaction demands a donor and an acceptor, where donor
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denotes a functional entity reactive group, which upon reac-
tion leads to transfer of the functional entity or a part thereof
of'that CCPN. Transfer may be directly in one step or sequen-
tially through cross linkage followed by cleavage. An accep-
tor denotes a functional entity reactive group, which upon
reaction accepts the transfer of a functional entity or part
thereof from another CCPN.

When designing CCPN hybridization regions, one may
bias the library towards specific properties, e.g. if selection is
used to identify drug candidates in the library, it is in most
cases not appropriate to have aromatic amines presented due
to their potential toxic properties, whereas aliphatic amines
are in general acceptable. CCPN’s carrying aromatic amines
may therefore specifically signal the need to be partnered,
with a CCPN carrying a functional entity reactive group
capable of undergoing acylation reactions and optionally
allow a CCPN carrying a functional entity reactive group
capable of undergoing alkylating reactions, whereas aliphatic
amines may be partnered with both CCPN’s carrying func-
tional entity reactive groups capable of undergoing acylation
and alkylation reactions. Aromatic hydroxyl groups, on the
other hand, should not be acylated due to the generation of
another acylating specie, which will generally not be accept-
able as drug candidate. Aromatic hydroxyl groups should
therefore only be alkylated. Such demands may be entered
into hybridization region for a specific CCPN.

If all four reaction types were to be used in one library
generation, then the hybridization region of each CCPN could
specify, which one of the reaction types, mentioned above, are
needed (denoted by “*”), allowed (denoted by “+”) and for-
bidden (denoted by “-7).

Plus (“+”) sequences may be composed of non-specific
hybridizing nucleobases such as e.g. inosine. Minus (“-")
sequences may be composed of a nucleobase sequence with
one specific sequence and the need of a specific partner will
be specified by another specific sequence.

E.g. nucleobase sequence I (inosine)="“+"; nucleobase
sequence T (thymine)="~", and nucleobase sequence G (gua-

nine)=(*).

“+”: Allowed “¥”: Needed
reactive reactive
group on “-: Disallowed group on
CCPN’s reactive group on CCPN’s

further CCPN’s further further
downstream downstream downstream
CCPN sequence I T G
CPN sequence AorC A C
accepted

As the need, acceptance or disallowance of e.g. four dif-
ferent reaction partners is to be signaled, the overall descrip-
tor sequence for type and number of functional entities on a
CCPN corresponds to four polynucleotide subregions. In the
following illustrations, the regions 1, 2, 3, 4 correspond to the
need or acceptance of the partners Ac (1); Al (2); C (3) and W
(4). One further nucleobase in that polynucleotide sub-region
may optionally indicate whether the functional entity reactive
group is of donor or acceptor type. In the following nucleo-
base T (thymine) indicates a donor, nucleobase G (guanine)
indicates an acceptor and nucleobase I (inosine) is used if
donor/acceptor type is not specified.

In the design example above, the four regions 1 (Acyla-
tion), 2 (Alkylation), 3 (Cross Coupling/Suzuki) and 4 (Wit-
tig/HWE) could be of a total of 8 nucleobases for the call
region and 8 nucleobases for the answer region.
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One simpler example, using a higher number of CPN’s
could be the following example. In this example, the call
signal specifies only the need/allowed CCPN’s and the
answer similarly.

The CCPN’s in a peptide like library composed of comple-
mentary connectors 1-7 could have the following identifier
polynucleotide sequences.

(6] T (6] T
Substituent GT TG
descriptor €8] 2
NH,
NH,
H,N Me
O S (6] S (6] S
TTTT GGGG GTGT
(©) @) ®
NH,
H
N
O TH T
TG T
6) Q)
BB1 BB2
3'-answer | call-5'  3’-answer | call-5'
5'-call* answer*-3’
CPN

The sequence of the complementary connector polynucle-
otides could then be:

(SEQ ID NO: 17)
CCPN1: 3'-GT-GGTITITI-5'

(SEQ ID NO: 18)
CCPN2: 3'-TG-GGTITITI-5'

(SEQ ID NO: 19)
CCPN3: 3'-GTITTITI-TTTT-GGTITITI-5'

(SEQ ID NO: 20)
CCPN4: 3'-GTITTITI-GGGG-GGTITITI-5'

(SEQ ID NO: 21)
CCPN5: 3'-GTITTITI-GTGT-GGTITITI-5'

(SEQ ID NO: 22)
CCPN6: 3'-GTITTITI-TG-5'

(SEQ ID NO: 23)
CCPN7: 3'-GTITTITI-TT-5'

CCPN1 and CCPN2 carries only a call region and calls for
acylating acceptors. CCPN3-CCPNS carries both an answer
and a call region. The answer region specifies that it needs an
acylating donor but also allows alkylating agents. The call
region specifies the call for an acylating acceptor.
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CCPN6 and CCPN7 carries only an answer region. The
answer region specifies that it needs an acylating donor but
also allows alkylating donors.

To generate this library, the following CPN may then fulfill
the need:

(SEQ ID NO:
3'-NN-CACAACAC-CACACACC-NN-5'

24)
CPN1:

Where N denotes a variable nucleobase.

In this library all CCPN’s carrying function entity groups
of'amino type have been specified as allowance for alkylation,
but with the need for acylation.

In order to control the degree of supramolecular complex
formation, terminator sequences may be added at some point
in time. The concentration of which, will determine the mean
distribution of how many CCPN’s and CPN each complex is
made of.

Such terminator sequences could in the example above be:

(SEQ ID NO: 25)
Terminatorl: 3'-CACACACC-NN-5'
(SEQ ID NO: 26)
Terminator2: 3'-GTITTITI-NN-5'
EXAMPLES

The following example illustrates the use and the principle
for the synthesis and identification of connector polynucle-
otide sequences enabling the synthesis of a small peptide.

Example 1

Quasi-Structure Mediated Synthesis of a Small Mol-
ecule that Binds Integrin Receptor a.,/f ;;;

Materials:
Purified human integrin .,/ ;; (Chemicon Inc.)
Streptavidin Sepharose 6B (AmershamPharmacia)
Nunc ImmunomoduleU8 Maxisorp (Biotecline cat#
Nun475078)
Sheared herring DNA (Sigma)
Bovine serum albumin (BSA)(Sigma-Aldrich)
Tag-polymerase (Promega)
Micro Bio-Spin 6 (Bio-Rad cat: 732-6221)
FoklI, Avrll and Pstl restriction enzymes
T7 Exonuclease
Connector Polynucleotides (CPN’s) and Complementary
Connector Polynucleotides (CCPN’s):

CPN1:

(SEQ ID NO: 27)
5' -pGCNNNNNACGCGANNNNTACGTANNNNTGT CACNNNNTCGTCANNN
NNGC-3'

CPN2:
(SEQ ID NO:
5' -pGCNNNNNTCATCTNNNNGCGTACNNNNNGC-3"'

28)

CCPNL1:

5' -GCCTATGTGACGAATCTGTG-XXXXX-GATTC-Y-3"'
(SEQ ID NO: 29 before XXXXX, SEQ ID NO:
is PEG-linker)

30 after; X

CCPN2:
5'-Z-GAATC-XXXXX-ATGCGTACCGCGATTCATGCp-3"!
(SEQ ID NO: 31 before XXXXX, SEQ ID NO: 32 after)

CCPN3:
5'-Z-GAATC-XXXXX-CGCTGCAAGATGAATTCTGCp-3"
(SEQ ID NO: 33 before XXXXX, SEQ ID NO: 34 after)
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Linker Polynucleotides for CPN Amplification:

(SEQ ID NO: 35)
LPl: 5'-GATTCCTAGGATGCATATTACA
(SEQ ID NO: 36)
LP2: 3'-CTAAGGATCCTACGTATAATGTCG
(SEQ ID NO: 37)
LP3: 3'-GTCAATGCTGATGACGTp
(SEQ ID NO: 38)
LP4: 5'-CAGTTACGACTACTGCAGC
Amplification polynucleotides
(SEQ ID NO: 39)
APl: 5'-B-T,,T,GATTCCTAGGATGCATATTACAGC-3'
(SEQ ID NO: 40)
AP2: 5'-CAGTTACGACTACTGCAGC-3'
Underlined sequence=FokI restriction site
Bold sequence=Avrll restriction site
Ttalic sequence=Pstl restriction site
P=5'-phosphate
Sequencing Polynucleotide:
(SEQ ID NO: 41)

SP: 5'-GATTCCTAGGATGCATATTAC

where X=PEG-linker, Glen research cat#10-1918-90;
B=biotin, Applied Biosystems and Y=3'-amino-group, Glen
research cat#20-2958-01, Z=amino modifier, Glen research
cat#10-1905-90 suitable for attachment of chemical entities.
p=5"-phosphate.

Protocol

In the following protocol, the guanidine functionality of
arginine may be appropriately protected ifneeded. E.g. by use
of trifluoroacetyl (which can be removed, when needed, by
alkaline treatment), benzyloxycarbonyl (which can be
removed, when needed, by catalytic hydrogenation), enzy-
matically cleavable protecting groups and others known to
the person skilled in the art.

Step 1: Loading of Building Block Polynucleotides
CCPNI.

5 nmol of CCPNI1 is incubated with 25 mM NHS and 50
mM EDC in 100 mM HEPES-OH buffer pH 7.5 at 30° C. for
30 min. Excess EDC/NHS is removed using spin-column
filtration. The NHS-activated CCPN1 is incubated with 20
mM arginine in HEPES-OH bufter at 30° C. for 2 hours.
CCPNI1 is purified using spin column filtration and loading
efficiency is tested using ES-MS (Bruker Inc.)

CCPN2 & CCPN3.

5 nmol of CCPN2 or CCPN3 is incubated with 25 mM
TCEP [tricarboxyethyl-phosphine] in 100 mM HEPES-OH
at 30° C. for 1 hour producing a terminal SH-group. TCEP
and bufter are removed by gel-filtration before addition of 50
mM N-hydroxymaleimide (NHM) in 100 mM HEPES-OH,
pH 7.5. The preparations are incubated at 30° C. for 2 hours
producing CCPN’s comprising a NHS activating unit. Excess
NHM is removed by gel-filtration. 100 mM 4-pentanoyl gly-
cine or 4-pentenoyl-OMe aspartate in DMF is pre-activated
using equimolar EDC in DMF at 25° C. for 30 minutes. The
CCPN-NHS is incubated with 50 mM EDC activated 4-pen-
tanoyl protected glycine or 4-pentenoyl-OMe aspartate,
respectively, in a 100 mM MES buffer pH 6.0 at 25° C. for 5
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minutes (DMF:H,0=1:4). Excess building block is removed
by gel-filtration and activated CCPN is eluted in 100 mM
MES buffer pH 6.0.

Scheme 1: Loading of polynucleotides with building blocks
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Step 2: Formation of Multi-Polynucleotide Complexes and
Transfer of Building Blocks.
10 pmol each of activated CCPN1 and CCPN2 from step 1

is incubated with 10 umol of CPN1 and CPN2 in 100 mM
MES buffer pH 6.0 supplemented with 5 mM 12 in THF (for
amino-deprotection). The reaction is incubated at 25° C. for 4
hours allowing assembly of multi-polynucleotide complexes
and concomitant transfer of the glycine residue (Scheme 2B).
Subsequently, 10 umol of activated CCPN3 is added to the
reaction and incubated at 25° C. for an additional 4 hours.
Transfer of the O-Methyl aspartate followed by mild alkaline
treatment (pH 9.0, 1 h) produce the RGD peptide linked to
CCPNI1 (Scheme 2C).

Scheme 2: Quasi-structure mediated synthesis of an RGD peptide
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Step 3: Selection of Multi-Polynucleotide Complexes Dis-
playing the RGD Peptide.

A single well of a Nunc-8 plate is incubated overnight with
100 ul of 1 pug/ml of integrin receptor in standard phosphate-
buffered saline (PBS). The well is washed five times with 100
ul PBS. The well is blocked using 100 pl 0.5 mg/ml sheared
herring DNA in PBS-buffer for 2 h at room temperature.

Finally the well is washed five times using 100 pl Integrin
binding buffer [Tris-HCI (pH 7.5), 137 mM NaCl, 1 mM KCl,
1 mM MgCl,, 1 mM CaCl, and 1 mM MnCl,]. The multi-
polynucleotide complexes are added to the immobilised inte-
grin and incubated at 37° C. for 30 min. The supernatant is
removed and the immobilised integrin is washed 5 times
using 100 ul Integrin binding buffer. The polynucleotide com-
plexes are eluted heating the sample to 80° C. for 5 min. The
sample is cooled to room-temperature.

Step 4: Amplification of Polynucleotides

1 pl of the sample from step 3 is used for amplification of
polynucleotide fragments using the following protocol (see
also Scheme 3):

Scheme 3: Amplification of connector polynucleotides

Selected
polynucleotide B
Add linkers Cleave using Pstl
B— — B
T7
Ligation Exonuclease &
Streptavidine purify
— |@
AddLP2 &
Cleave using Fokl
PCR
L —— @ B__
B @@
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B
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Complex assembly
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1 umol each of preformed LP1/L.P2 complex and 1 pmol of
LP3/L.P4 complex is added to the eluted connector polynucle-
otide fragments in ligation buffer comprising 30 mM Tris-
HCI (pH 7.8) 10 mM MgCl,, 10 mM DTT and 1 mM dATP
before addition of 10 units of T4 DNA ligase. The sample is
incubated at 16° C. for 4 hours before denaturation at 75° C.
for 15 min. Vio of the sample is used as template in a PCR
reaction comprising 10 pmol of the oligonucleotides AP1 and
AP2 10 mM Tris-HCI pH 9.0, 50 mM KCl, 1 mM MgCl,,
0.1% Triton X-100, 250 mM each of dATP, dCTP, dGTP and
dTTP. The sample is run with initial denaturation at 94° C., for
2 min and 30 cycles using denaturation at 94° C. for 30
seconds, annealing at 44° C. for 30 seconds and elongation at
72° C. for 15 seconds. Finally, the sample is phenol extracted
twice before DNA precipitation.

Regeneration of single stranded connector polynucleotides
are accomplished by first cleaving the PCR products using 10
units of Pstl in a butfer comprising 50 mM Tris-HCI (pH 7.9),
100 mM NaCl, 10 mM MgCl, and 1 mM DTT at 37° C. for 2
hours in a volume of 50 pl. Following cleavage, the sample is
subjected to 5' to 3' digestion using T7 exonuclease at 37° C.
for 1 hour in a total volume of 500 pl. Next, the biotinylated
strand is purified on streptavidin-sepharose beads using the
following procedure:

50 streptavidin-sepharose slurry is washed 4 times using 1
ml of 20 mM NH,-acetate pH 7.5 before addition of digestion
sample in a total volume of 500 pl and further incubation at
25° C. for 15 minutes. The streptavidin beads are washed 4
times using 1 ml of H,O. The amplified polynucleotides are
regenerated by annealing of 10 pmol of LP2 to the streptavi-
din bound polynucleotide. Excess LP2 is removed by wash-
ing the beads 4 times using H,O, Subsequently, the beads are
incubated in 100 pl buffer comprising 20 mM Tris-acetate
(pH 7.9), 50 mM K-acetate, 10 mM MgCl, and 1 mM DTT
before addition of 10 units of Fokl restriction enzyme and
incubation at 37° C. for 2 hours. The eluted polynucleotide is
sampled and heated for 80° C. for 5 minutes to denature the
restriction enzyme before purification of the polynucleotides
using gel-filtration.

Step 5: Repeat Step 2 Using the Amplified Polynucleotides

The new population of single stranded polynucleotides
which are enriched for sequences that represent ligands for
the integrin aV/P3 receptor are annealed to the library of
tagged-peptides from step 1 as described in step 2 and sub-
jected to yet another round of selection and amplification.

The selection and amplification procedure (step 2-5) is
repeated for 5 rounds.

Step 6: Identification of Connector Polynucleotide
Sequences Involved in the Synthesis of RGD.

The identity of enriched double stranded polynucleotide
fragments from step 4 is established by DNA cloning in a
M13 mp18 plasmid vector and examining individual clones
by sequence analysis.
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For statistical purposes more than 50 clones is sequenced to
identify sequence bias within the pool of cloned polynucle-
otides.

Example 2

In the following, a zipper box designates a polynucleotide
based region within the linker of the CCPN, which may
hybridize to complementary polynucleotide based regions of
other CCPN’s. Alternatively, this zipperbox may hybridize to
a CPN. Such hybridizations will allow the functional entities
of'two individual CCPN’s to reach high proximity (FIG. 21).

In the following examples, CCPN building blocks are used
which contain a zipper box adjacent to the functional entity.
The zipper box sequences are underlined below. The follow-
ing buffers and protocols are used in the same examples.
Buffers.

Buffer A (100 mM Hepes pH=7.5; 1 M NaCl)

5'-Labeling with 3?P.

Mix 5 pmol oligonucleotide, 2 il 10x phosphorylation buffer
(Promega cat#4103), 1 pl T4 Polynucleotide Kinase
(Promega cat#4103), 1 ul y->2P, add H,O to 20 pl. Incubate at
37° C. 10-30 minutes.

PAGE (Polyacrylamide Gel Electrophoresis).

The samples are mixed with formamide dye 1:1 (98%
formamide, 10 mM EDTA, pH 8, 0.0.25% Xylene Cyanol,
0.025% Bromphenol Blue), incubated at 80° C. for 2 minutes,
and run on a denaturing 10% polyacrylamide gel. Develop gel
using autoradiography (Kodak, BioMax film).

DNA-oligos:

Zipper box sequences are underlined. Note that when the
CCPN building block zipper boxes interact with zipper boxes
in the CPN, the length of the zipper box duplex is one nucle-
otide longer than is underlined.

X=Carboxy-dT Glenn Research cat. no. 101035
Z=Amino-Modifier C6 dT Glenn Research cat. no. 10-1039
6=Amino-Modifier 5 Glenn Research cat. no. 10-1905
9=Spacer 9 Glenn Research cat. no. 10-1909

P=PC-spacer

B=Biotin

AH140:

(SEQ ID NO: 42)
5' -AGCTGGATGCTCGACAGGTCAGGTCGATCCGCGTTACCAGTCTTGCC
TGAACGTAGTCGTCCGATGCAATCCAGAGGTCG

AH154:

(SEQ ID NO: 43)
5' -AGCTGGATGCTCGACAGGTCAAGTAACAGGTCGATCCGCGTTACCAG
TCTTGCCTGAACGTAGTCGTCCGATGCAATCCAGAGGTCG

AH155:
(SEQ ID NO: 44)
5' -CTGGTAACGCGGATCGACCTGTTACK
AH202:
(SEQ ID NO: 45)
5' -TCTGGATTGCATCGGGTTACK
AH251:
(SEQ ID NO: 46)
5' -ZGACCTGTCGAGCATCCAGCTPB
AH270:
(SEQ ID NO: 47)
5' -6GTAACGACCTGTCGAGCAT CCAGCT
AH272:
(SEQ ID NO: 48)

5'-ACGACTACGTTCAGGCAAGAGTTACX
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-continued
AH284:

(SEQ ID NO: 49)
5' -AGCTGGATGCTCGACAGGTCAAGTAACAGGTCGATCCGCGTTATATC
GTTTACGGCATTACCGCCCATAGCTTGCGGCTTGC

AH292:

(SEQ ID NO: 50)
5' -GGCATGGTCCATCGACTGCAATATGCAAGCCGCAAGCTATGGGC
AH293:

(SEQ ID NO: 51)

5' -GGCATGGTCCATCGACTGCAATATCGTATAGCAAGCCGCAAGCTATG
GGC

AH294:

(SEQ ID NO: 52)
5' -GGCATGGTCCATCGACTGCAATATCGTTTACGGCATTACCGCAAGCC
GCAAG- CTATGGGC

AH295:

(SEQ ID NO: 53)
5' -GGCATGGTCCATCGACTGCAATATCGTTTACGGCATTACCATATCGT
T-TACGGCATTACCGCAAGCCGCAAGCTATGGGC

AH296:

(SEQ ID NO: 54)
5' -GGCATGGTCCATCGACTGCAATATCGTTTACGGCATTACCATATCGT
TTACGGCATTACCATATCGTTTACGGCATTACCGCAAGCCGCAAGCTATG
GGC

AH298:

(SEQ ID NO: 55)
5' -GGCATGGTCCATCGACTGCAGCAAGCCGCAAGCTATGGGC
AH325:

(SEQ ID NO: 56)

5'-CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTCCGATGC
AATCCAGAGGTCG

AH326:

(SEQ ID NO: 57)
5'-CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTTTCCGAT
GCAATCCAGAGGTCG

AH327:

(SEQ ID NO: 58)
5' -CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTACTTCCG
ATGCAATCCAGAGGTCG

AH328:

(SEQ ID NO: 59)
5'-CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTTGACTTC
CGATGCAATCCAGAGGTCG

AH329:

(SEQ ID NO: 60)
5'-CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTGGTGACT
TC-CGATGCAATCCAGAGGTCG

AH330:

(SEQ ID NO: 61)
5' -CGGCTACAACAAGGTATAAGAAAAACATCGTAGGATTCTTTCCTACG
ATGG-CAAGCCGCAAGCTATGGGC

AH332:

(SEQ ID NO: 62)
5' -CGGCTACAACAAGGTATAAGAAAAACAGGATTCTTTCCTGGCAAGCC
GCAAG-CTATGGGC

AH351:

(SEQ ID NO: 63)
5'-CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTGGTGACT
TGGC-CGATGCAATCCAGAGGTCG

AH352:

(SEQ ID NO: 64)
5' -CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTGGTGACT
TGGT -GCCGATGCAATCCAGAGGTCG
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-continued

AH353:

(SEQ ID NO: 65)
5'-CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTGGTGACT
TGGT -GACCCGATGCAATCCAGAGGTCG

AH354:

(SEQ ID NO: 66)
5'-CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTGGTGACT
TGGT -GACTTCCGATGCAATCCAGAGGTCG

AH355:

(SEQ ID NO: 67)
5'-CTTATACCTTGTTGTAGCCGTCTTGCCTGAACGTAGTCGTGGTGACT
TGGT -GACTTGGCCGATGCAATCCAGAGGTCG

AH378:

(SEQ ID NO: 68)
5'-TGCAGTCGATGGACCATGCCAGCTGGATGCTCGACAGGTCAAC-CGA
TGCAATCCAGAGGTCG

AH379:

(SEQ ID NO: 69)
5' -TGCAGTCGATGGACCATGCCAGCTGGATGCTCGACAGGTCAAT -CAG
GCTGCCGATGCAATCCAGAGGTCG

AH380:
(SEQ ID NO: 70)
5' -CGGTTGAGGTACAGGTCGAT CCGCGTTACCAGTCTTGCCTGAACG-T
AGTCGTGCCCATAGCTTGCGGCTTGC
AH381:
(SEQ ID NO: 71)
5' -6 9GTAACGTACCTCAACCGGACCTGTCGAGCATCCAGCT
AH382:
(SEQ ID NO: 72)

5' -GGTACAGGTCGATCCGCGTTACCAGTCTTGCCTGAACG-TAGTCGTG
CCCATAGCTTGCGGCTTGC

AH383:

(SEQ ID NO: 73)
5' -GGTACAGGTCGATCCGCGTTACCAGGGTACTCTTGCCTGAACG-TAG
TCGTGCCCATAGCTTGCGGCTTGC

AH386:
(SEQ ID NO: 74)
5' -GTTGAGGTACAGGT CGATCCGCGTTACCAGTCTTGCCTGAACGTAGT
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-continued

AH387:

(SEQ ID NO: 75)
5' -TGAGGTACAGGTCGATCCGCGTTACCAGTCTTGCCTGAACGTAGTCG
TGC-CCATAGCTTGCGGCTTGC

AH388:

(SEQ ID NO: 76)
5' -AGGTACAGGTCGATCCGCGTTACCAGTCTTGCCTGAACGTAGTCGTG
CC-CATAGCTTGCGGCTTGC

AH392:
(SEQ ID NO: 77)
5' -CGACCTCTGGALTGCATCGGGTTACZ
AH393:
(SEQ ID NO: 78)
5' -ACGACTACGTTCAGGCAAGAGTTACZ
AH394:
(SEQ ID NO: 79)
5' -CTGGTAACGCGGATCGACCTGTTACZ

The oligonucleotides were prepared by conventional phos-
phoramidite synthesis.

Example 2A

We wanted to examine whether the cross-linking efficiency
could be increased by using CPN/CCPN-sequences that
allow the formation of higher order structures (see FIG. 27).
First, we designed two of the CCPNs (the T2 sequences
AH330 and AH332) as hair-pin structures, in the hope that
this structure would increase the proximity of the CCPNs that
must react (here AH251 and AH202). To further test the
structural requirements, we also tested different spacings of
the T1 oligos (spacings of 20, 22, 24, 26 and 28 nt were
examined in this example). The spacing referred to is the
distance between the region of T1 that anneals to AH202 and
the region of T1 that anneals to T2 (see FIG. 27).

This experiment also is an example of the oligonucleotide
complex depicted in “FIG. 4, claim 1”.

Experimental. Mix 10 pul Buffer A, relevant oligos in vari-
ous concentrations (1 umol oligo 1, 10 umol oligo 2, 3 umol

CGT-GCCCATAGCTTGCGGCTTGC 40 oligo 3, 5 pumol oligo 4 and 8 umol oligo 5 (See table [, below),
and add H,O to 50 pl.
TABLE I
Oligo 1 (*-
32-labelled) Oligo2 Oligo 3 Oligo 4 Oligo 5
Experiment BB1 BBO  CPNTI CCPN T2 CPN T3
1 AH 202 AH 251 AH 154
2 AH 202 AH 251 AH325(20nt) AH330 (10nt) AH 284 (20 nt)
3 AH 202 AH 251 AH326 (22nt) AH330 (10nt) AH 284 (20 nt)
4 AH 202 AH 251 AH327 (24nt) AH330 (10nt) AH 284 (20 nt)
5 AH 202 AH 251 AH328 (26nt) AH330 (10nt) AH 284 (20 nt)
6 AH 202 AH 251 AH329 (28nt) AH330 (10nt) AH 284 (20 nt)
7 AH 202 AH251 AH325(20nt) AH332(Snt) AH 284 (20 nt)
8 AH 202 AH251 AH326(22nt) AH332(Snt) AH 284 (20 nt)
9 AH 202 AH251 AH327 (24nt) AH332(Snt) AH 284 (20 nt)
10 AH 202 AH251 AH328 (26nt) AH332(Snt) AH 284 (20 nt)
11 AH 202 AH251 AH329 (28nt) AH332 (Snt) AH 284 (20 nt)
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Anneal from 80° C. to 30° C. (-1° C./min). Add 0.5 M
DMT-MM. (Prepared according to Kunishima et al. Tetrahe-
dron (2001), 57, 1551) dissolved in H,O, to a final concen-
tration of S0 mM. Incubate at 30° C. o/n. Analyze by 10% urea
polyacrylamide gel electrophoresis.

The expected complexes formed are shown in FIG. 27;
results are shown in FIG. 28.

Results. As can be seen in FIG. 28, very efficient cross-link
(reaction of amino group of oligo AH251 with carboxylic
acid of oligo AH202) is obtained for certain combinations of
T1,T2, and T3:

A control reaction (AH202 and AH251 annealed to

AH154) shows 2040% efficient cross-link (FIG. 28, lane
D).

Using the T2 oligo AH330, with a 10 bp duplex in the
hair-pin structure, efficient cross-link between AH251
and AH202 is observed for only the CPN T1 with 28 nt
spacing (AH329) (FIG. 28, lane 6). The cross-linking
efficiency is almost as high as observed in the simple
control reaction (compare lanes 1 and 6). None of the
spacings 20, 22, 24, 26 nt (lanes 2-5) lead to efficient
cross-links.

The same pattern is observed when using the T2 oligo
AH332 with a 5 bp duplex in the hair-pin structure, i.e.
only the T1 oligo with a 28 nt spacing (AH329) provides
efficient crosslinking. The cross-linking efficiency is
almost as high as observed in the simple control reaction
(compare lanes 1 and 11).

Thus, from the experiments of FIG. 28 it is concluded that

efficient encoded reactions may be obtained by appropriate
design of CPN and CCPN.

Example 2B

Example 2A shows that by incorporating sequences that
allow T2 to form a hair-pin structure, the reaction efficiencies
may be rather high. We wanted to examine this further. Thus,
we next tested additional spacings of the T1 sequence.

Experimental. Mix 2 pl Buffer A, relevant oligos in various
concentrations (0.2 umol oligo 1, 2 pmol oligo 2, 0.6 umol
oligo 3, 1 umol oligo 4 and 1.6 umol oligo 5 (See table I,
below), and add H,O to 10 pl.

10

15

20

25

30

35

60

It is thus concluded that a CPN T1 with 28 nt spacing
provides the highest cross-linking of the spacings tested.

Examples 2C-2F

We wanted to test a set-up including 5 CCPNs and 2 CPNs
(see FIG. 31). This set-up includes a CCPN (AH381) with a
linker sequence that is complementary to the 5'-terminal
region of CPN T3. We hypothesize that this leads to formation
of the higher order structure shown in the lower half of FIG.
31 by annealing of the linker of CCPNO (AH381) with the
S'terminus of CPN T3.

The CPNs and CCPNs used in this experiment have the
following features:

CPN T1: Contains annealing regions for CCPN1, CCPNO
and CCPN T2. The spacing between the annealing region for
CCPN1 and CCPNO is either 2 or 10 nt.

CPN T3: Contains annealing regions for CCPN2, CCPN3
and CCPN T2. In addition, the 5' end contains a region
complementary to the linker of CCPNO. The regions of
complementarity consist of 5, 6, 8, 10, or 12 nt for AH382,
AH388, AH387, AH386 and AH380, respectively. AH383
contains at its 5'-end a complementarity region of 5 nt, as well
as aregion of 5 nucleotides (between the regions annealing to
CCPN2 and CCPN3) that is also complementary to the linker
of CCPNO.

FIG. 30 shows how this set-up may be used to encode the
synthesis of a small molecule with 4 encoded functional
entities. Thus, in a step-wise fashion, the reaction of CCPNO
and CCPN1 is first conducted in the presence of CPN T1, in
the absence of CCPN T2 and CPN T3. Then CCPN T2, CPN
T3 and CCPN2 is added, and the reaction between CCPNO
and CCPN2 is performed. Finally, CCPN3 is added, and the
reaction between CCPNO and CCPN3 is performed.

Example 2C

We first tested step 1, i.e. the reaction between CCPNO and
CCPNI1 in the presence of CPN T1, by performing a cross-
link reaction between the amino group of CCPNO and the
carboxy group of CCPNI1 (see FIGS. 30 and 31).

TABLE 11
Oligo 1 (*-
32-labelled) Oligo2 Oligo 3 Oligo 4 Oligo 5
Experiment BB1 BBO CPNT1 CCPN T2 CPNT3

1 AH 202 AH 251 AH 328 (26 nt) AH 330 (10nt) AH 284 (20nt)
2 AH 202 AH 251 AH 329 (28 nt) AH 330 (10nt) AH 284 (20nt)
3 AH 202 AH 251 AH351 (30nt) AH 330 (10nt) AH 284 (20nt)
4 AH 202 AH 251 AH 352 (32nt) AH 330 (10nt) AH 284 (20nt)
5 AH 202 AH 251 AH 353 (34nt) AH 330 (10nt) AH 284 (20nt)
6 AH 202 AH 251 AH 354 (36 nt) AH 330 (10nt) AH 284 (20nt)
7 AH 202 AH 251 AH 355 (38 nt) AH 330 (10nt) AH 284 (20nt)
8 AH 202 AH 251 AH 154

Anneal from 80° C. to 30° C. (-1° C./min). Add 0.5 M
DMT-MM. (Prepared according to Kunishima et al. Tetrahe-
dron (2001), 57, 1551) dissolved in H,O, to a final concen-
tration of 50 mM. Incubate at 30° C. o/n.

Analyze by 10% urea polyacrylamide gel electrophoresis.

The results are shown in FIG. 29. The conclusions are:

The control reaction (AH202 and AH251 annealed to
AH154) shows 20-40% efficient cross-link (FIG. 29,
lane 8).

Spacings 0f28, 30, 32 and 38 nt give efficient cross-linking
(FIG. 29, lanes 2, 3, 4 and 7); spacings of 26, 34 and 36
nt give poor efficiencies.

The spacing of 28 nt provide the highest efficiency.
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Experimental. Mix 2 ul Buffer A, relevant oligos in various
concentrations (0.2 umol oligo 1, 2 umol oligo 2, 1 umol oligo
3 (See table II), and add H,O to 50 pl.

TABLE III
Oligo 1 (F-32-
labelled) Oligo 2 Oligo 3
Experiment CCPN 1 CCPNO CPNT1
1 AH 202 AH 381 AH 379
2 AH 202 AH 381 —
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TABLE III-continued

Oligo 1 (*-32-

labelled) Oligo 2 Oligo 3
Experiment CCPN 1 CCPNO CPNT1
3 AH 202 AH 270 AH 140

4 AH 202 AH 270 —

Anneal from 80° C. to 30° C. (-1° C./min.). Dilute 100
times and then add 0.5 M DMT-MM (Prepared according to
Kunishima et al. Tetrahedron (2001), 57, 1551) dissolved in
H,O0, to a final concentration of 50 mM. Incubate at 10° C. for
5 sec, and 35° C. for 1 sec. Repeat o/n.

Analyze by 10% urea polyacrylamide gel electrophoresis.

Results. As can be seen in FIG. 32, the reaction efficiency
is high (approximately 50-60%).

Example 2D

We next tested steps 2 and 3 (see FIGS. 30 and 31), i.e. the
reaction between CCPNO and CCPN2, and the reaction
between CCPNO and CCPN3, respectively.

Experimental. Mix 10 pl Buffer A, relevant oligos in vari-
ous concentrations (1 umol oligo 1, 10 umol oligo 2, 8 umol
oligo 3, 6 umol oligo 4 and 4 umol oligo 5 (See table 1V,
below), and add H,O to 50 pl.

TABLE IV
Oligo 1 (*-
32-labelled)
CCPN2or Oligo2 Oligo3 Oligo4 Oligo 5
Experiment CCPN 3 CCPNO CPNT1 CCPNT2 CPNT3
1 AH 155 AH 381 AH378 AH294  AH380
(20 nt) (12 nt)
2 AH 155 AH 381 AH378 — AH 380
(12 nt)
3 AH 155 AH 381 AH378 AH294  AH382
(20 nt) (5 nt)
4 AH 272 AH 381 AH378 AH294  AH382
(20 nt) (5 nt)
5 AH 155 AH 381 AH378 — AH 382
(5 nt)
6 AH 155 AH 381 AH378 AH294  AH383
(20 nt) (5 nt+ 5 nt)
7 AH 272 AH 381 AH378 AH294  AH383
(20 nt) (5 nt+ 5 nt)
8 AH 155 AH 381 AH378 AH292  AH382
(4 nt) (5 nt)
9 AH 155 AH 381 AH378 AH296  AH382
(60 nt) (5 nt)
10 AH 155 AH 381 AH 140
11 AH 272 AH 381 AH 140

Anneal from 80° C. to 30° C. (-1° C./30 sec.). Dilute 100
times and then add 0.5 M DMT-MM. (Prepared according to
Kunishima et al. Tetrahedron (2001), 57, 1551) dissolved in
H,0, to a final concentration of 50 mM. Incubate at 10° C. for
5 sec, and 35° C. for 1 sec. Repeat o/n.

Analyze by 10% urea polyacrylamide gel electrophoresis.

Results. From FIG. 33, it may be concluded that

Using CPN T3 with a 5 nt complementarity region at its 5'
end, no significant cross-linking is observed for any
oligo combination tested (FIG. 33, lanes 3-9).

Using CPN T3 with a 12 nt complementarity region, an
efficient cross-linking between CCPNO and CCPN3 is
observed (FIG. 33, lane 1)(CCPN2 was not tested in this
experiment). When the CCPN T2 is excluded, much less
cross-linking is observed, indicating that the reaction is
dependent on the presence of CCPN T2.

Lanes 10 and 11 show the control reactions.
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The same experiments were performed under constant
reaction temperatures of either 15° C. or 25° C. (rather
than alternating between 10 and 35° C.). Similar results
were obtained, except that more efficient reactions were
obtained in the absence of CCPN T2 (data not shown).

Example 2E

As a continuation of the experiments in example 4, a num-
ber of parameters (spacing between annealing regions, length
of complementarity regions, and dependency of CCPN T2)
were now examined as regards the effect on cross-linking
efficiency of step 2 and 3.

Experimental. Mix 10 pul Buffer A, relevant oligos in vari-
ous concentrations (1 umol oligo 1, 10 umol oligo 2, 8 umol
oligo 3, 6 umol oligo 4 and 4 pmol oligo 5 (See table V,
below), and add H,O to 50 pl.

TABLEV
Oligo 1 (*-
32-labelled)
CCPN2or Oligo2 Oligo3 Oligo 4 Oligo 5
Experiment CCPN 3 CCPNO CPNT1 CCPNT2 CPNT3
1 AH 155 AH 381 AH378  AH294  AH380
(20 nt) (12 nt)
2 AH 155 AH 381 AH378  AH294  AH380
(20 nt) (12 nt)
3 AH 155 AH 381 AH379  AH294  AH380
(20 nt) (12 nt)
4 AH 155 AH 381 AH379  AH294  AH380
(20 nt) (12 nt)
5 AH 272 AH 381 AH379  AH294  AH380
(20 nt) (12 nt)
6 AH 272 AH 381 AH379  AH294  AH380
(20 nt) (12 nt)
7 AH 155 AH 381 AH379 AH 380
(12 nt)
8 AH 155 AH 381 AH378  AH294  AH386
(20 nt) (10 nt)
9 AH 155 AH 381 AH378  AH294  AH387
(20 nt) (8 nt)
10 AH 155 AH 381 AH378  AH294  AH388
(20 nt) (6 nt)
11 AH 272 AH 381 AH378  AH294  AH387
(20 nt) (8 nt)
12 AH 272 AH 381 AH378  AH294  AH387
(20 nt) (8 nt)
13 AH 272 AH 381 AH379  AH294  AH387
(20 nt) (8 nt)
14 AH 272 AH 381 AH379  AH294  AH387
(20 nt) (8 nt)
15 AH 272 AH 381 AH378  AH294  AH388
(20 nt) (6 nt)
16 AH 272 AH 381 AH378  AH294  AH388
(20 nt) (6 nt)
17 AH 155 AH 381 AH140 — —
18 AH 272 AH 381 AH140 — —
19 AH 155 AH 381 — — —
20 AH 155 AH 381 AH378  — AH 386
(10 nt)
21 AH 155 AH 381 AH378  AH298  AH386
(0 nt) (10 nt)
22 AH 155 AH 381 AH378  AH292  AH386
(4 nt) (10 nt)
23 AH 155 AH 381 AH378  AH293 AH 386
(10 nt) (10 nt)
24 AH 155 AH 381 AH378  AH294  AH386
(20 nt) (10 nt)
25 AH 155 AH 381 AH378  AH295 AH 386
(40 nt) (10 nt)
26 AH 155 AH 381 AH378  AH296  AH386
(60 nt) (10 nt)
27 AH 155 AH 381 AH378  AH294  AH382
(20 nt) (5 nt)

Anneal from 80° C. to 20° C. (-1° C./min.). Dilute 100
times and then add 0.5 M DMT-MM. (Prepared according to
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Kunishima et al. Tetrahedron (2001), 57, 1551) dissolved in
H,O0, to a final concentration of 50 mM. Incubate at 10° C. for
5 sec, and 35° C. for 1 sec. Repeat o/n.
Analyze by 10% urea polyacrylamide gel electrophoresis.
Results (FIG. 34).

A 5'-complementarity region of CPN T3 of 12 nt provides
efficient crosslinking, whereas 10, 8, 6 or 5 nt comple-
mentarity regions provide little or no cross-linking effi-
ciency (FIG. 34, compare lanes 1, 8, 9, 10, and 27).

The cross-linking reaction is strongly dependent on the
presence of CCPN T2 (FIG. 34, compare lanes 3 and 7).

The presence of CCPN1, annealed to CPN T1, does not
decrease the cross-linking efficiency of CCPNO with
either of CCPN2 or CCPN3 (FIG. 34, compare lanes 1
and 2, lanes 3 and 4, lanes 5 and 6).

The reaction of CCPNO with CCPN2 and with CCPN3 is
approximately of same efficiency (FIG. 34, compare
lanes 4 and 6, lanes 3 and 5).

Spacings of either 2 nt or 10 nt in CPN T1 both provide
efficient cross-linking (FIG. 34, lanes 1-4).

A spacing of more than 20 nt in CCPN T2 is required for
obtaining efficient cross-linking (FIG. 34, lanes 24-26).
Spacings of 0.4, or 10 nt provide no cross-reaction (FIG.
34, lanes 21-23).

Example 2F

In the examples above it is concluded that the complemen-
tarity region of CPN T3 must be at least 12 nt in order to
obtain efficient cross-linking. We wanted to examine whether
shorter complementarity regions (in CPN T3) would be effi-
cient if combined with longer spacing regions (in CCPN T2).

Experimental. Mix 2 pl Buffer A, relevant oligos in various
concentrations (0.2 umol oligo 1, 1 pmol oligo 2, 0.8 umol
oligo 3, 0.6 umol oligo 4 and 0.4 umol oligo 5 (See table VI,
below), and add H,O to 50 pl.

TABLE VI
Oligo 1 (*-
32-labelled) Oligo
Experi- CCPN2or Oligo2 2b Oligo 3 Oligo 4 Oligo 5
ment CCPN3 CCPNO CCPN1 CPNT1 CCPNT2 CPNT3
1 AHI155 AH 381 AH 140
2 AH155 AH 381 AH202 AH379 AH294  AH380
(20 nt) (12 nt)
3 AH155 AH 381 AH202 AH379 AH294  AH387
(20 nt) (8 nt)
4 AHI155 AH 381 AH202 AH379 AH294  AH382
(20 nt) (5 nt)
5 AH155 AH 381 AH202 AH379 AH296  AH380
(60 nt) (12 nt)
6 AH155 AH 381 AH202 AH379 AH296  AH387
(60 nt) (8 nt)
7  AH155 AH 381 AH202 AH379 AH296  AH382
(60 nt) (5 nt)
8  AH155 AH 381 AH202 AH379 AH295  AH380
(40 nt) (12 nt)
9 AHI155 AH 381 AH202 AH379 AH295  AH387
(40 nt) (8 nt)
10 AH155 AH 381 AH202 AH379 AH295  AH382
(40 nt) (5 nt)
11 AH155 AH 381 AH202 AH379 AH 380
(12 nt)
12 AH155 AH 381 AH202 AH379 AH 387
(8 nt)
13 AH155 AH 381 AH202 AH379 AH 382

(5 nt)

Anneal from 80° C. to 20° C. (-1° C./min.). Dilute 100
times and then add 0.5 M DMT-MM (Prepared according to
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Kunishima et al. Tetrahedron (2001), 57, 1551) dissolved in
H,0, to afinal concentration of 50 mM. Incubate at 10° C. for
5 sec, and 35° C. for 1 sec. Repeat o/n. Analyze by 10% urea
polyacrylamide gel electrophoresis.

Results (FIG. 35).

A complementarity region (5'-end of CPN T3) of 12 nt
(rather than 5 or 8 nt) provides a more efficient reaction
for all CCPN T2 spacings tested (FIG. 9, compare lanes
2,3 and 4; lanes 5, 6, and 7; lanes 8, 9 and 10)

Example 2G

Synthesis of a Small Molecule Through the Reaction
of Functional Entity Reactive Groups on Three
CCPN’s

In this example the set-up described in FIG. 30 is employed
to synthesize a small molecule, where three chemical moi-
eties are combined by the CPNs and CCPNs. This is also an
example of the oligonucleotide complex depicted in “FIG. 4,
claim 2” (see also FIG. 36 for explanation). Finally, this is
also an example of circular structures such as depicted in FIG.
4, claim 1, 7-8, and 10-11.

Experimental

Synthesis of Functional Entities

OH OAc
O,N O,N
AcyO, EtzN
_

COOH COOH

4-Acetoxy-3-nitro-benzoic acid

4-Hydroxy-3-nitro-benzoic acid (5.49 g, 30 mmol) was
dissolved in acetone (10 ml), triethylamine (10 ml) and acetic
acid anhydride (5.67 ml, 60 mmol). The solution was stirred
for 24 h at rt. The reaction mixture was added dichlo-
romethane (100 ml), ice (20 g) and acidified by addition of
concentrated hydrochloric acid. The aqueous phase was
extracted with dichloromethane (2x25 ml). The combined
organic phases were stirred with sodium sulphate added acti-
vated carbon, filtered and evaporated. Recrystallisation from
EtoAc:Heptane gave 3.45 g (51%) pure material.

NMR (CDCl,):  8.84 (d, 1H), 8.40 (dd, 1H), 7.41 (d, 1H)
and 2.44 (s, 3H).

1) 4-Acetoxy-3-nitro-
benzoic acid, Et3N, DMF
2) 2-phenyl-ethylamine, DCM

Cl

Cl
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-continued

NO,

OH

4-hydroxy-3-nitro-benzoic acid-(2-chloro-tritylresin)
ester

2-chlorotrityl chloride resin (3.00 g, 4.5 mmol) was
swelled in DCM. 4-Acetoxy-3-nitro-benzoic acid (2.53 g,
11.25 mmol) was dissolved in DMF (7.5 ml) and triethy-
lamine (1.56 ml, 11.25 ml) mixed with the drained resin. The
mixture was placed on a shaker for 18 h at rt. Followed by a
careful wash with DMF (3x2 min) and methanol (3x2 min).
The resin was treated with a solution of 2-phanyl-ethyl amine
(2M, 10 ml) in dichloromethane for 1 h at rt. and for 3 h at rt.
then washed with dichloromethane (3x2 min) and dried. 36.1
mg resin was added 1% TFA in DCM 10 min filtered, added
hexane and evaporated to give 4-hydroxy-3-nitro-benzoic
acid (7.8 mg), which correspond to a loading of 1.18 mmol/g.

NMR (CDCl,): 88.81 (d, 1H), 8.20 (dd, 1H), 7.19 (d, 1H).
General Procedure for the Synthesis of Nitro Phenol Esters:

4-hydroxy-3-nitro-benzoic acid-(2-chloro-tritylresin)
ester (0.173 g, 0.200 mmol) pre-swelled in DCM and drained,
was subsequently added a solution of the appropriate acid
(0.60 mmol, 3 eq.) mixed with PyBrop (0.28 g, 0.60 mmol, 3
eq.) in DMF (0.5 ml), triethylamine (185 uL, 1.32 mmol,
2.2x3 eq.) and DMF (0.25 ml). The resin was allowed to react

for 18 h at rt. Washed carefully with DMF 3x2 min, DCM 3x2
min.

Cleavage from the resin was done with 1% TFA in DCM
2x1 ml for 10 min. The cleavage mixture was mixed with
Hexane 5-10 vol/vol in order to remove the TFA by co distil-
lation.

The nitro phenol ester was purified by normal phase HPL.C
20% EtOAc in heptane (0.5% AcOH)—EtOAc (0.5%
AcOH).

Structures and yields are given in FIG. 37.

Loading of functional entities on to oligonucleotides for
form CCPN’s carrying functional entities.

EDC

ON DMF

COOH
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-continued

NH,

0N

O NH

Synthesis of AH392/000247. 25 pl of 4-Acetoxy-3-nitro-
benzoic acid (150 mM in DMF) was mixed with 25 ul EDC
(150 mM in DMF) and the mixture was shaken for 30 min at
25° C. The mixture was added to 50 pl oligo AH392 (5-10
nmol) in 100 mM HEPES pH 7.5 and incubated with shaking
for 20 min at 25° C. Excess building block was removed by
extraction with EtOAc (500 pl) followed by two spin column
filtrations and analysed by ES-MS and functional transfer
assays (data not shown).

Synthesis of other loaded oligonucleotides. Organic frag-
ments shown in FIG. 37 are all loaded on the AH393 and
AH394 oligonucleotides, to give the corresponding loaded
oligonucleotides AH393/000138, AH394/000138
AH3931000387, etc., using a similar protocol.

Synthesis of AH381/scaffold. A hexameric scaffold pep-
tide with the sequence Cys-PhePhelLyslysLys was synthe-
sised by standard solid-phase Fmoc peptide chemistry. The
scatfold peptide comprises a SH group on the cysteine side
chain, said —SH group being used for coupling the scaffold
peptide to an amine-bearing oligonucleotide, whereby an
anchor CCPN/scaffold like CCPN is formed. Each of the
three lysine moieties comprises an amino group in the side
chain. The amine groups are used as functional entity reactive
groups for the formation of a connection to functional entities
emanating from substitutent like CCPN’s.

The N- and C-terminus of the peptide is capped to avoid
any participation in the reactions to follow and subsequently
purified by reverse phase-HPLC. The scaffold peptide is
covalently attached to DNA oligonucleotide using the
scheme shown schematically below. For illustrative purposes,
the scaffold is indicated as HS Scaffold.

Nz gppp
_ -
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-continued

o
)k/\ T AN caffo
jN s—s@ HS Scaffold
Jo~
HN s—s—\

]

5 nmol of oligonucleotide AH381 in 100 mM Hepes-OH
pH 7.5 is incubated with 20 mM Succinimidyl-propyl-2-
dithiopyridyl (SPDP, Molecular probes) dissolved in DMSO
for 3 hours at 25° C. Excess SPDP is removed by triple
extraction using 5 volumes of ethylacetate. The sample is
further purified using a Bio-rad Microspin 6 column equili-
brated in H,O. 1 pmol hexapeptide is mixed with 5 nmol
SPDP activated oligonucleotide in 100 mM Hepes-OH pH
7.5 for 2 hours at 25° C. Excess peptide is removed by double
sodium-acetate/ethanol precipitation of the scaffold-DNA
complex according to standard procedure. The synthesis of
AH381/scaffold is finally verified by Electrospray Mass
Spectrometry (ES-MS).

Synthesis of Small Molecule (Hexapeptide where the
Sidechain of the Two Lysines have been Acetylated):

Mix 10 pl buffer A with 1 pmol CCPN 0 (AH381/scaffold),
2 pmol CPN T1 (AH379) and 3 pmol CCPN T2 (AH294), 4
pumol CPN T3 (AH380), 5 pmol CCPN 2 (AH 3931000247),
and add H,O to 50 pL. Anneal from 80° C. to 20° C. (-1°
C./min.). Optionally dilute 100-fold. Incubate at 10° C. for 5
sec. and then 35° C. for 1 sec. Repeat 10-35° cycling o/n. If
the sample was diluted 100-fold above, the sample is now
concentrated 100-fold by e.g. ethanol precipitation, filtration
or like procedures. Add 5 umol CCPN 3 (AH394/000247).
Anneal from 80° C. t0 20° C. (-1° C./min.). Optionally dilute
100-fold. Incubate at 10° C. for 5 sec. and then 35° C. for 1
sec. Repeat o/n.

Scaffold

The synthesis of the small molecule is verified by mass
spectrometry, ELISA, Western blotting or other means of
characterization. Optionally, the small molecule or the small
molecule attached to CCPNO (AH381) is purified before its
analysis. Alternatively, the small molecule may be synthe-
sized in large scale by performing the above reactions in 100
fold higher volumes and 100 fold larger amounts of material.
The synthesis of the desired molecule may be verified by
ELISA assays (using antibodies raised against the small mol-
ecule), or by mass spectrometry or other means.

Other small molecules, employing the hexapeptide as scat-
fold and the organic fragments of FIG. 37 as substituents, can
be made by combining the appropriate CCPN2 and CCPN3
oligonucleotides (carrying the desired organic fragments)
with the CCPNO (AH381/scaffold) oligonucleotide, and per-
forming the above protocol. Again, the small molecules syn-
thesized may be analysed by mass spectrometry, ELISA, and
like methods, as described above.
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Example 2H

Synthesis of a Small Molecule Through the Reaction
of Functional Entity Reactive Groups on Four
CCPN’s

In this example the set-up described in FIG. 30 is employed
to synthesize a small molecule, where four chemical moieties
are combined by the CPNs and CCPNs. This is also an
example of the oligonucleotide complex depicted in “FIG. 4,
claim 2 (see also FIG. 36 for explanation). Finally, this is also
an example of circular structures such as depicted in” FIG. 4,
claim 1, 7-8, and 10-11.

Experimental
Synthesis of Functional Entities as Described in Example 2G
Loading of Functional Entities on Oligonucleotides.

A

O Me
EDC
—_—
ON DMF
COOH

NH,

0:N

(6] NH

Synthesis of AH3921000247. 25 ul of 4-Acetoxy-3-nitro-
benzoic acid (150 mM in DMF) was mixed with 25 ul EDC
(150 mM in DMF) and the mixture was shaken for 30 min at
25° C. The mixture was added to 50 pl oligo AH392 (5-10
nmol) in 100 mM HEPES pH 7.5 and incubated with shaking
for 20 min at 25° C. Excess building block was removed by
extraction with EtOAc (500 pl) followed by two spin column
filtrations and analysed by ES-MS and functional transfer
assays (data not shown).

Synthesis of other loaded oligonucleotides. Organic frag-
ments shown in FIG. 37 are all loaded on the AH392, AH393,
and AH394 oligonucleotides, to give the corresponding
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loaded oligonucleotides AH392/000138, AH3931000138,
AH3941000138, AH392/000387, etc., using a similar proto-
col.
Synthesis of AH381/Scaffold. See Example 2G.
Synthesis of Small Molecule (Hexapeptide where the
Sidechain of the Three Lysines have been Acetylated):

Mix 10 pl buffer A with 1 pmol CCPN 0 (AH381/scaffold),
2 umol CPN T1 (AH379) and 5 umol CCPN 1 (AH392/
000247), and add H,O to 50 pl. Anneal from 80° C. to 20° C.
(-1° C./min.). Optionally, dilute 100-fold. Incubate at 10° C.
for 5 sec., 35° C. for 1 sec. Repeat o/n. If the sample was
diluted 100-fold above, the sample is now concentrated 100-
fold by e.g. ethanol precipitation, filtration or like procedures.
Add 3 umol CCPN T2 (AH294), 4 umol CPN T3 (AH380)
and 5 umol CCPN 2 (AH393/000247).

Anneal from 80° C. to 20° C. (-1° C./min.). Optionally
dilute 100-fold. Incubate at 110° C. for 5 sec. and then 35° C.
for 1 sec. Repeat o/n. If the sample was diluted 100-fold
above, the sample is now concentrated 100-fold by e.g. etha-
nol precipitation, filtration or like procedures. Add 5 pmol
CCPN 3 (AH3941000247). Anneal from 80° C.t0 20°C. (-1°
C./min.). Optionally dilute 100-fold.

Incubate at 10° C. for 5 sec. and then 35° C. for 1 sec.
Repeat o/n.

The synthesis of the small molecule is verified by mass
spectrometry, ELISA, Western blotting or other means of
characterization. Optionally, the small molecule or the small
molecule attached to CCPNO (AH381) is purified before its
analysis. Alternatively, the small molecule may be synthe-
sized in large scale by performing the above reactions in 100
fold higher volumes and 100 fold larger amounts of material.
The synthesis of the desired molecule may be verified by
ELISA assays (using antibodies raised against the small mol-
ecule), or by mass spectrometry or other means.

Other small molecules, employing the hexapeptide as scat-
fold and the organic fragments of FIG. 37 as substituents, can
be made by combining the appropriate CCPN1, CCPN2 and
CCPN3 oligonucleotides (carrying the desired organic frag-
ments) with the CCPNO (AH381/scaftold) oligonucleotide,
and performing the above protocol. Again, the small mol-
ecules synthesized may be analysed by mass spectrometry,
ELISA, and like methods, as described above.

Example 21

Synthesis of a Library of Small Molecules, Each
Comprising Three (Functional Entities

In this example the set-up described in FI1G. 30 is employed
to synthesize a library of small molecules.

15

45

70

Experimental.
Synthesis of Functional Entities.

The ten nitro phenol esters shown in FIG. 37 are synthe-
sized as described in example 2G. The ten nitro phenol esters
are loaded on specific oligonucleotides, i.e. a specific nitro
phenol ester is loaded on a specific oligonucleotide sequence.
Two sets of oligos are used, namely CCPN 2 and CCPN 3
oligos (DNA oligos that anneal to adjacent positions on CPN
3T). Ten CCPN2 and ten CCPN3 oligo sequences are loaded
with the ten nitro phenol esters. In other words, a total of
twenty loaded oligos are generated. In addition, the CCPN 0
oligo (AH381/scaffold), described in example 2G, is synthe-
sized. Finally, the sequences of CPN T1, CPN T2 and CPN T3
are designed in a way so that these oligos anneal to each other
and to CCPNO, CCPN2 and CCPN3 as indicated in FIG. 30.
Synthesis of a 100-Membered Small Molecule Library
(Hexapeptides where the Side Chain of the Two Lysines have
been Acylated with the Various Chemical Moieties from the
Nitro Phenol Esters):

Mix 10 ul buffer A with 1 umol CCPN 0 (AH381/scaffold)
oligo, 2 umol of each of the CPN T1 oligos and 3 umol of each
of'the CCPN T2 oligos, 4 pmol of each of the CPN T3 oligos,
5 umol of each of the CCPN 2 oligos, and add H,O to 50 uL..
Anneal from 80° C. to 20° C. (-1° C./min.). Optionally dilute
100-fold. Incubate at 10° C. for 5 sec. and then 35° C. for 1
sec. Repeat 10-35° cycling o/n. If the sample was diluted
100-fold above, the sample is now concentrated 100-fold by
e.g. ethanol precipitation, filtration or like procedures. Add 5
pumol of each of the CCPN 3 oligos. Anneal from 80° C. to 20°
C. (-1° C./min.). Optionally dilute 100-fold. Incubate at 10°
C. for 5 sec. and then 35° C. for 1 sec. Repeat o/n.

After synthesis of the library, the library molecules (DNA-
small molecule complexes) may be purified by e.g. ethanol
precipitation or by other means. Then molecules with a given
characteristic may be isolated from the library, for example
by performing an affinity chromatography selection, and the
isolated molecules can then be identified by amplifying the
recovered DNA molecules and sequencing of these. Alterna-
tively, the small molecule library may be synthesized in large
scale by performing the above reactions in 100 fold higher
volumes and 100 fold larger amounts of material. The selec-
tion of molecules with desired characteristics may be done by
immobilization of a target protein onto the sides of a reagent
tube, and exposing the library to this coated surface; or by
incubating the library with a protein target in solution, fol-
lowed by immuno precipitation to isolate the ligands of the
target protein; or by incubating the library with a protein
target in solution, followed by gel mobility shift assays to
isolate the ligands of the target protein; etc.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 79

<210> SEQ ID NO 1

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis.

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(8)

<223> OTHER INFORMATION: N denotes a random nucleobase,

gselected from G, A, C, T, or U

preferably
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<400> SEQUENCE: 1

gcggnnnneg cg 12

<210> SEQ ID NO 2

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Scaffold like CCPN's type A's

<400> SEQUENCE: 2

gcggattacg cg 12

<210> SEQ ID NO 3

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 3

gcggaatteg cg 12

<210> SEQ ID NO 4

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(8)

<223> OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

<400> SEQUENCE: 4

taatnnnntt aa 12

<210> SEQ ID NO 5

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 5

taatgcecgtt aa 12

<210> SEQ ID NO 6

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 6

taatgggctt aa 12

<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223>

<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

FEATURE:

NAME/KEY: misc_feature

LOCATION: (10)..(13)

OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

SEQUENCE: 7

tttttggaan nnnagagttt tt 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 8

tttttggaac cttagagttt tt 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 9

tttttggaac ttcagagttt tt 22

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 10

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

FEATURE:

NAME/KEY: misc_feature

LOCATION: (5)..(8)

OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

SEQUENCE: 10

ggttnnnngt tg 12

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 11

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

FEATURE:

NAME/KEY: misc_feature

LOCATION: (5)..(8)

OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

SEQUENCE: 11

accannnncc aa 12

<210>
<211>
<212>
<213>

SEQ ID NO 12

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: All nucleotides herein are prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(8)

<223> OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

<400> SEQUENCE: 12

tctennnnee tt

<210> SEQ ID NO 13

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(8)

<223> OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (22)..(25)

<223> OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

<400> SEQUENCE: 13

cgegnnnnece gcaaaaactce tnnnn

<210> SEQ ID NO 14

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 14

cgcegtaatce gcaaaaactce taagg

<210> SEQ ID NO 15

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14)..(17)

<223> OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(29)

<223> OTHER INFORMATION: N denotes a random nucleobase, preferably
gselected from G, A, C, T, or U

<400> SEQUENCE: 15

ttccaaaaac aacnnnnaac cttggnnnnt ggt

<210> SEQ ID NO 16

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by

12

25

25

33
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<220>
<221>
<222>
<223>

<400>

conventional phosphoramidite synthesis
FEATURE:

NAME/KEY: misc_feature

LOCATION: (14)..(17)

OTHER INFORMATION: N denotes a random nucleobase,

gselected from G, A, C, T, or U

SEQUENCE: 16

ttccaaaaac aacnnnnaac ¢

<210> SEQ ID NO 17

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: n represents inosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n represents inosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: n represents inosine

<400> SEQUENCE: 17

ntntntggtg

<210> SEQ ID NO 18

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: n represents inosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n represents inosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: n represents inosine

<400> SEQUENCE: 18

ntntntgggt

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: n represents inosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n represents inosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

were prepared by

were prepared by

were prepared by

(1)

(1)

preferably

21

10

10
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<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: n represents inosine (I)
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: n represents inosine (I)
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n represents inosine (I)
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n represents inosine (I)

<400> SEQUENCE: 19

ntntntggtt ttntnttntg

<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n represents inosine (I)

<400> SEQUENCE: 20

ntntntgggg ggntnttntg

<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)
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<223> OTHER INFORMATION: n represents inosine (I)
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n represents inosine (I)
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n represents inosine (I)

<400> SEQUENCE: 21

ntntntggtg tgntnttntg

<210> SEQ ID NO 22

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n represents inosine (I)

<400> SEQUENCE: 22

gtntnttntg

<210> SEQ ID NO 23

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: n represents inosine (I)

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: n represents inosine (I)

<400> SEQUENCE: 23

ttntnttntg

<210> SEQ ID NO 24

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: N denotes a random nucleobase

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(2)

20

10

10
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: N denotes a random nucleobase

FEATURE:

NAME/KEY: misc_feature

LOCATION: (19)..(19)

OTHER INFORMATION: N denotes a random nucleobase
FEATURE:

NAME/KEY: misc_feature

LOCATION: (20)..(20)

OTHER INFORMATION: N denotes a random nucleobase

SEQUENCE: 24

nnccacacac cacaacacnn

a random nucleobase

(1)

(1)

(1)

<210> SEQ ID NO 25

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: N denotes a random nucleobase

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: N denotes a random nucleobase

<400> SEQUENCE: 25

nnccacacac

<210> SEQ ID NO 26

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(2)

<223> OTHER INFORMATION: N denotes

<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: N denotes inosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: N denotes inosine

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: N denotes inosine

<400> SEQUENCE: 26

nnntnttntg

<210> SEQ ID NO 27

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(7)

<223> OTHER INFORMATION: N denotes a random nucleobase

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14)..(17)

20

10

10
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<223> OTHER INFORMATION: N denotes a random nucleobase
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (24)..(27)

<223> OTHER INFORMATION: N denotes a random nucleobase
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (34)..(37)

<223> OTHER INFORMATION: N denotes a random nucleobase
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (44)..(48)

<223> OTHER INFORMATION: N denotes a random nucleobase

<400> SEQUENCE: 27

gennnnnacg cgannnntac gtannnntgt cacnnnnteg tcannnnngc

<210> SEQ ID NO 28

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(7)

<223> OTHER INFORMATION: N denotes a random nucleobase

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14)..(17)

<223> OTHER INFORMATION: N denotes a random nucleobase

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (24)..(28)

<223> OTHER INFORMATION: N denotes a random nucleobase

<400> SEQUENCE: 28

gennnnntca tctnnnngeg tacnnnnngc

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 29

gectatgtga cgaatctgtyg

<210> SEQ ID NO 30

<211> LENGTH: 5

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: 3'-amino-group, Glen research cat#20-2958-01

<400> SEQUENCE: 30

gatte

<210> SEQ ID NO 31

<211> LENGTH: 5

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223>

<220>
<221>
<222>
<223>

<400>

gaatc

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

FEATURE:

NAME/KEY: modified_base

LOCATION: (1)..(1)

OTHER INFORMATION: amino modifier, Glen research cat#10-1905-90
suitable for attachment of chemical entities.

SEQUENCE: 31

SEQ ID NO 32

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis
FEATURE:

NAME/KEY: modified_base

LOCATION: (20)..(20)

OTHER INFORMATION: 5'-phosphate

SEQUENCE: 32

atgcgtaccg cgattcatge 20

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

gaatc

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 33

LENGTH: 5

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

FEATURE:

NAME/KEY: modified_base

LOCATION: (1)..(1)

OTHER INFORMATION: N represents an amino modifier, Glen research
cat#10-1905-90 suitable for attachment of chemical entities.

SEQUENCE: 33

SEQ ID NO 34

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis
FEATURE:

NAME/KEY: modified base

LOCATION: (20)..(20)

OTHER INFORMATION: 5'-phosphate

SEQUENCE: 34

cgctgcaaga tgaattctge 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 35

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 35

gattcctagg atgcatatta ca 22

<210>

SEQ ID NO 36
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 36

getgtaatat gcatcctagg aatc

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 37

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

FEATURE:
NAME/KEY: modified_base
LOCATION: (1)..(1)

OTHER INFORMATION: 5'-phosphate

SEQUENCE: 37

tgcagtagtc gtaactg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 38

cagttacgac tactgcagc

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 39

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

FEATURE:
NAME/KEY: modified_base
LOCATION: (1)..(1)

OTHER INFORMATION: modified with biotin, Applied Biosystems
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1)..(2)

OTHER INFORMATION: n denotes inosine (I)

SEQUENCE: 39

nngattccta ggatgcatat tacage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 40

cagttacgac tactgcagc

<210>
<211>
<212>

SEQ ID NO 41
LENGTH: 21
TYPE: DNA

24

17

19

26

19
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 41

gattcctagg atgcatatta ¢

<210> SEQ ID NO 42

<211> LENGTH: 80

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 42
agctggatge tcgacaggte aggtcgatce gegttaccag tettgectga acgtagtegt

ccgatgcaat ccagaggteg

<210> SEQ ID NO 43

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 43
agctggatge tcgacaggte aagtaacagg tcgatcegeg ttaccagtcet tgectgaacg

tagtcgtceg atgcaatcca gaggteg

<210> SEQ ID NO 44

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (25)..(25)

21

60

80

60

87

<223> OTHER INFORMATION: carboxy-dT modification, Glenn Research cat.no.

10-1035-
<400> SEQUENCE: 44

ctggtaacge ggatcgacct gttac

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (20)..(20)

25

<223> OTHER INFORMATION: carboxy-dT modification, Glenn Research cat.no.

10-1035-

<400> SEQUENCE: 45

tctggattge atcgggttac

<210> SEQ ID NO 46

<211> LENGTH: 20
<212> TYPE: DNA

20
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (20)..(20)

<223> OTHER INFORMATION: modified with a PC-spacer joined to biotin

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

«223> OTHER INFORMATION: amino-Modifier C6 dT modification, Glenn
Research cat.no. 10-1039-

<400> SEQUENCE: 46

gacctgtega gcatccaget

<210> SEQ ID NO 47

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1)..(1)
<223> OTHER INFORMATION: Amino-Modifier 5 Glenn Research cat. no.
10-1905

<400> SEQUENCE: 47

gtaacgacct gtcgagcatc caget

<210> SEQ ID NO 48

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (25)..(25)

20

25

<223> OTHER INFORMATION: carboxy-dT modification, Glenn Research cat.no.

10-1035-
<400> SEQUENCE: 48

acgactacgt tcaggcaaga gttac

<210> SEQ ID NO 49

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 49
agctggatge tcgacaggte aagtaacagg tcgatcegeg ttatatcegtt tacggcatta

ccgeccatag cttgeggett go

<210> SEQ ID NO 50

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 50

25

60

82
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ggcatggtce atcgactgca atatgcaage cgcaagctat ggge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 51

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 51

ggcatggtce atcgactgca atatcgtata gcaagccgca agetatggge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 52

LENGTH: 60

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 52

ggcatggtce atcgactgca atatcgttta cggcattacce gcaagccgca agetatggge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 53

ggcatggtce atcgactgca atatcgttta cggcattacce atatcgttta cggcattacc

gcaagccgca agctatggge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54

LENGTH: 100

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 54

ggcatggtce atcgactgca atatcgttta cggcattacce atatcgttta cggcattacc

atatcgttta cggcattacc gcaagccgca agetatggge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 55

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 55

ggcatggtce atcgactgca gcaagccgca agctatggge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 56

LENGTH: 60

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by

44

50

60

60

80

60

100

40
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98

<400>

conventional phosphoramidite synthesis

SEQUENCE: 56

cttatacctt gttgtagecg tettgectga acgtagtegt cegatgcaat ccagaggtceg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 57

LENGTH: 62

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 57

cttatacctt gttgtageeg tettgectga acgtagtegt ttecegatgca atccagaggt

cg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 58

LENGTH: 64

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 58

cttatacctt gttgtagecg tcttgectga acgtagtegt acttcegatg caatccagag

gteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 59

LENGTH: 66

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 59

cttatacctt gttgtageeg tcettgectga acgtagtegt tgacttcega tgcaatccag

aggtcg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 60

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 60

cttatacctt gttgtageeg tettgectga acgtagtegt ggtgacttcee gatgcaatce

agaggtceg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 61

LENGTH: 70

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 61

cggctacaac aaggtataag aaaaacatcg taggattctt tectacgatg gcaagccgca

60

60

62

60

64

60

66

60

68

60
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100

agctatggge

<210> SEQ ID NO 62

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 62

cggctacaac aaggtataag aaaaacagga ttetttectg gecaagecgca agetatggge

<210> SEQ ID NO 63

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 63
cttatacctt gttgtageeg tettgectga acgtagtegt ggtgacttgg ccgatgcaat

ccagaggteg

<210> SEQ ID NO 64

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 64
cttatacctt gttgtageeg tettgectga acgtagtegt ggtgacttgg tgccgatgca

atccagaggt cg

<210> SEQ ID NO 65

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 65

cttatacctt gttgtagecg tettgectga acgtagtegt ggtgacttgg tgacccgatg
caatccagag gtcg

<210> SEQ ID NO 66

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 66
cttatacctt gttgtagecg tettgectga acgtagtegt ggtgacttgg tgacttcecga
tgcaatccag aggtcg
<210> SEQ ID NO 67

<211> LENGTH: 78
<212> TYPE: DNA

70

60

60

70

60

72

60

74

60

76
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 67

cttatacctt gttgtagcceg tcttgectga acgtagtegt ggtgacttgg tgacttggece 60

gatgcaatcc agaggtcg 78

<210> SEQ ID NO 68

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 68

tgcagtcgat ggaccatgcce agctggatge tcgacaggte aaccgatgca atccagaggt 60

cg 62

<210> SEQ ID NO 69

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 69

tgcagtcgat ggaccatgcce agctggatge tcgacaggte aatcaggetyg ccgatgcaat 60

ccagaggtcg 70

<210> SEQ ID NO 70

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<400> SEQUENCE: 70

cggttgaggt acaggtcgat ccgcgttacce agtcecttgect gaacgtagtce gtgceccatag 60

cttgcggett ge 72

<210> SEQ ID NO 71

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Spacer 9 Glenn Research cat. no. 10-1909,
joined to Amino-Modifier 5 Glenn Research cat. no. 10-1905

<400> SEQUENCE: 71

gtaacgtacc tcaaccggac ctgtcgagca tccaget 37

<210> SEQ ID NO 72

<211> LENGTH: 65

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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104

<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 72

ggtacaggtc gatccgegtt accagtcttyg cctgaacgta gtegtgecca tagettgegg

cttyge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 73

LENGTH: 70

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 73

ggtacaggtc gatccgegtt accagggtac tcttgectga acgtagtegt geccataget

tgcggettge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 74

LENGTH: 70

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 74

gttgaggtac aggtcgatcc gegttaccag tcttgectga acgtagtegt geccataget

tgcggettge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 75

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 75

tgaggtacag gtcgatcecge gttaccagte ttgectgaac gtagtegtge ccatagettg

cggettge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 76

LENGTH: 66

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

SEQUENCE: 76

aggtacaggt cgatccgegt taccagtett gectgaacgt agtegtgece atagettgeg

gettge

<210>
<211>
<212>
<213>
<220>
<223>

<220>

SEQ ID NO 77

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: The oligonucleotides were prepared by
conventional phosphoramidite synthesis

FEATURE:

60

65

60

70

60

70

60

68

60

66
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<221> NAME/KEY: modified_base
<222> LOCATION: (25)..(25)

«223> OTHER INFORMATION: amino-Modifier C6 dT, Glenn Research cat.no.

10-1039-
<400> SEQUENCE: 77

cgacctetgyg attgcategg gttac

<210> SEQ ID NO 78

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

25

<223> OTHER INFORMATION: The oligonucleotides were prepared by

conventional phosphoramidite synthesis
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (25)..(25)

«223> OTHER INFORMATION: amino-Modifier C6 dT, Glenn Research cat.no.

10-1039-
<400> SEQUENCE: 78

acgactacgt tcaggcaaga gttac

<210> SEQ ID NO 79

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

25

<223> OTHER INFORMATION: The oligonucleotides were prepared by

conventional phosphoramidite synthesis
<220> FEATURE:
<221> NAME/KEY: modified_base

<222> LOCATION: (25)..(25)
«223> OTHER INFORMATION: amino-Modifier C6 dT, Glenn
10-1039-

<400> SEQUENCE: 79

ctggtaacge ggatcgacct gttac

Research cat.no.

25

The invention claimed is:

1. A method for synthesising at least one bifunctional mol-
ecule comprising a molecule part linked to a nucleic acid part,
comprising the steps of

i) providing at least 2 connector polynucleotides each
capable of hybridizing to at least 1 complementary con-
nector polynucleotide,

i) providing at least 2 complementary connector poly-
nucleotides each capable of hybridizing to at least 1
connector polynucleotide,

iii) hybridizing at least 2 complementary connector poly-
nucleotides to at least 2 connector polynucleotides to
form the nucleic acid part as a hybridization complex,
wherein at least 2 of said complementary connector
polynucleotides comprise at least 1 functional entity,
wherein at least 1 of said complementary connector
polynucleotides hybridizes to at least 2 connector poly-
nucleotides, and with the proviso that no single comple-
mentary connector or connector polynucleotide of the
hybridization complex hybridizes to all of the remaining
complementary connector or connector polynucleotides
of the hybridization complex;

iv) covalently reacting at least 2 functional entities,
wherein the covalent reaction of the functional entities
results in the formation of a molecule of the molecule
part, wherein the functional entities are provided by
separate complementary connector polynucleotides,

40

45

50

55

o

5

thereby providing the at least one bifunctional molecule
wherein the nucleic acid part of the bifunctional mol-
ecule comprises nucleotide sequences that identify
the functional entities that covalently reacted to form
the molecule comprised within the bifunctional mol-
ecule.

2. The method of claim 1, wherein step iv) comprises
reacting at least 3 or functional entities.

3. The method of claim 1, wherein step iii) comprises

iii) hybridizing at least 3 complementary connector poly-

nucleotides to at least 2 connector polynucleotides,
wherein at least 3 of said complementary connector
polynucleotides comprise at least 1 functional entity,
wherein at least 1 of said complementary connector
polynucleotides hybridizes to at least 2 connector poly-
nucleotides, and

wherein step iv) comprises reacting at least 3 functional

entities, wherein the reaction of said functional entities
results in the formation of the molecule by covalently
linking at least 3 functional entities provided by separate
complementary connector polynucleotides.

4. The method of claim 3, wherein in step iv), at least 4
functional entities are reacted.

5. The method of claim 1, wherein step iii) comprises

hybridizing at least 4 complementary connector polynucle-

otides to at least 2 connector polynucleotides, wherein at
least 4 of said complementary connector polynucle-
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otides comprise at least 1 functional entity, wherein at
least 1 of said complementary connector polynucle-
otides hybridizes to at least 2 connector polynucleotides,
and wherein step iv) comprises

reacting at least 4 functional entities,

wherein the reaction of said functional entities results in

the formation of the molecule by covalently linking at
least 4 functional entities provided by separate comple-
mentary connector polynucleotides.
6. The method of claim 5, wherein in step iv), at least 5
functional entities are reacted.
7. The method of claim 1, wherein step iii) comprises
hybridizing at least 5 complementary connector polynucle-
otides to at least 2 connector polynucleotides, wherein at
least 5 of said complementary connector polynucleotide
comprise at least 1 functional entity, wherein at least 1 of
said complementary connector polynucleotides hybrid-
iZes to at least 2 connector polynucleotides,
and wherein step iv) comprises

reacting at least 5 functional entities, wherein the reaction
of said functional entities results in the formation of the
molecule by covalently linking the functional entities
provided by separate complementary connector poly-
nucleotides.

8. The method of claim 7, wherein in step iv), at least 6
functional entities are reacted.

9. The method of claim 1, wherein the molecule compris-
ing covalently linked functional entities is linked to the poly-
nucleotide part of a complementary connector polynucle-
otide.

10. The method of claim 1 comprising the further step of
cleaving at least one linker linking the molecule comprising
covalently linked functional entities to the polynucleotide
part of a complementary connector polynucleotide.

11. The method of claim 10, wherein all linkers but 1 linker
are cleaved, and wherein the linker not cleaved links the
molecule to the polynucleotide part of a complementary con-
nector polynucleotide.

12. The method of claim 1, wherein complementary con-
nector polynucleotides hybridized to connector polynucle-
otides are not linked by covalent bonds when reaction step iv)
has been carried out, and/or wherein the polynucleotide part
of different connector polynucleotides and/or different
complementary connector polynucleotides are not covalently
linked prior to the reactions of step iv).

13. The method of claim 12 comprising the further step of
linking the complementary connector polynucleotides,
optionally preceded by initially performing a polynucleotide
extension reaction resulting in individual complementary
connector polynucleotides being linked together by covalent
bonds.

14. The method of claim 1, wherein connector polynucle-
otides hybridized to complementary connector polynucle-
otides are not linked by covalent bonds when reaction step iv)
has been carried out, and/or wherein the polynucleotide part
of different connector polynucleotides and/or different
complementary connector polynucleotides are not covalently
linked prior to the reactions of step iv).

15. The method of claim 14 comprising the further step of
linking the connector polynucleotides, optionally preceded
by performing a polynucleotide extension reaction resulting
in individual connector polynucleotides being linked together
by covalent bonds.

16. The method of claim 1 comprising the further steps of

a) linking the complementary connector polynucleotides,

optionally preceded by performing a polynucleotide

5
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extension reaction resulting in individual complemen-
tary connector polynucleotides being linked together by
covalent bonds, and

b) linking the connector polynucleotides, optionally pre-

ceded by performing a polynucleotide extension reac-
tion resulting in individual connector polynucleotides
being linked together by covalent bonds.

17. The method of claim 1, wherein the method does not
involve ribosome mediated translation.

18. The method of claim 1 further comprising the step of
hybridizing at least 1 further connector polynucleotide to at
least 1 complementary connector polynucleotide, hybridized
to at least 1 connector polynucleotide, of the hybridisation
complex of step iii).

19. The method of claim 18, wherein the further connector
polynucleotide is selected from the group consisting of

connector polynucleotides comprising at least 1 functional

entity,

and

connector polynucleotides comprising at least 1 spacer

region.

20. The method of claim 18, wherein the step of hybridiz-
ing at least 1 further connector polynucleotide is repeated at
least once.

21. The method of claim 1 further comprising the step of
hybridizing at least 1 further complementary connector poly-
nucleotide selected from the group consisting of

complementary connector polynucleotides comprising at

least 1 functional entity,

and

complementary connector polynucleotides comprising at

least 1 spacer region,

to the hybridisation complex of step iii), or to at least 1

further connector polynucleotide of said hybridisation
complex.

22. The method of claim 21, wherein the step of hybridis-
ing at least one further complementary connector polynucle-
otide is repeated at least once.

23. The method of claim 1, wherein at least n connector
polynucleotides and at least n—-1 complementary connector
polynucleotides are provided, n being an integer of from 3 to
6, and wherein each complementary connector polynucle-
otide hybridizes to at least 2 connector polynucleotides.

24. The method of claim 23, wherein n is 3 or 4.

25. The method of claim 1, wherein at least n connector
polynucleotides and at least n complementary connector
polynucleotides are provided, n being an integer of from 3 to
6, and wherein at least n—1 complementary connector poly-
nucleotide hybridize to at least 2 connector polynucleotides.

26. The method of claim 25, wherein n complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

27. The method of claim 25, wherein n is 3 or 4.

28. The method of claim 1, wherein at least n connector
polynucleotides and at least n+1 complementary connector
polynucleotides are provided, n being an integer of from 3 to
6, and wherein at least n—1 complementary connector poly-
nucleotide hybridize to at least 2 connector polynucleotides.

29. The method of claim 28, wherein n complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

30. The method of claim 28, wherein n is 3 or 4.

31. The method of claim 1, wherein at least n connector
polynucleotides and at least n+2 complementary connector
polynucleotides are provided, n being an integer of from 3 to
6, and wherein at least n—1 complementary connector poly-
nucleotide hybridize to at least 2 connector polynucleotides.
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32. The method of claim 31, wherein n complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

33. The method of claim 31, whereinn is 3 or 4.

34. The method of claim 1, wherein at least n connector
polynucleotides and at least n+3 complementary connector
polynucleotides are provided, n being an integer of from 3 to
6, and wherein at least n—1 complementary connector poly-
nucleotide hybridize to at least 2 connector polynucleotides.

35. The method of claim 34, wherein n complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

36. The method of claim 34, whereinn is 3 or 4.

37. The method of claim 1, wherein at least n connector
polynucleotides and at least n+4 complementary connector
polynucleotides are provided, n being an integer of from 3 to
6, and wherein at least n—1 complementary connector poly-
nucleotide hybridize to at least 2 connector polynucleotides.

38. The method of claim 37, wherein n complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

39. The method of claim 37, whereinn is 3 or 4.

40. The method of claim 1, wherein said at least 2 connec-
tor polynucleotides comprises branched connector poly-
nucleotides, wherein at least n branched connector poly-
nucleotides and at least n complementary connector
polynucleotides are provided, n being an integer of from 2 to
6, and wherein at least n—1 complementary connector poly-
nucleotide hybridize to at least 2 branched connector poly-
nucleotides.

41. The method of claim 40, wherein at least n+1 comple-
mentary connector polynucleotides are provided.

42. The method of claim 40, wherein at least n comple-
mentary connector polynucleotides hybridize to at least 2
branched connector polynucleotides.

43. The method of claim 42, wherein at least n+1 comple-
mentary connector polynucleotide hybridize to at least 2 con-
nector polynucleotides.

44. The method of claim 40, whereinn is 3 or 4.

45. The method of claim 1 comprising the further step of
repeating, for different connector polynucleotides and differ-
ent complementary connector polynucleotides, the steps iii)
and iv) at least once, wherein the different complementary
connector polynucleotides are hybridised, in each repeated
step iii), to the hybridisation complex having been generated
in the previous steps of the method, and wherein different
functional entities are linked in each repeated step iv).

46. The method of claim 1, wherein at least 1 functional
entity of a complementary connector polynucleotide reacts
with the functional entities of at least 2 other complementary
connector polynucleotides.

47. The method of claim 1, wherein at least 1 functional
entity of a complementary connector polynucleotide reacts
with the functional entities of at least 3 other complementary
connector polynucleotides.

48. The method of claim 1, wherein said at least 2 comple-
mentary connector polynucleotides comprise at least 2
complementary connector polynucleotides which are non-
identical.

49. The method of claim 1, wherein said at least 2 comple-
mentary connector polynucleotides comprise at least 2
branched complementary connector polynucleotides.

50. The method of claim 1, wherein said at least 2 connec-
tor polynucleotides comprise connector polynucleotides
comprising a sequence of n nucleotides, wherein n is an
integer of from 8 to less than 100.
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51. The method of claim 50, wherein said at least 2 con-
nector polynucleotides further comprise connector poly-
nucleotides comprising at least 1 branching point connecting
at least three polynucleotide fragments comprising a
sequence of n nucleotides, wherein n is an integer of from 8 to
less than 100.

52. The method of claim 1, wherein said at least 2 comple-
mentary connector polynucleotides comprise polynucle-
otides comprising a sequence of'n nucleotides, whereinnis an
integer of from 8 to less than 60.

53. The method of claim 52, wherein said at least 2 comple-
mentary connector polynucleotides further comprise poly-
nucleotides comprising at least 1 branching point connecting
at least three polynucleotide fragments comprising a
sequence of n nucleotides, wherein n is an integer of from 8 to
less than 60.

54. The method of claim 1, wherein the polynucleotide part
of at least one connector polynucleotide and/or at least one
complementary connector polynucleotide is capable of
undergoing self-hybridization.

55. The method of claim 1 comprising the further step of
covalently linking at least one connector polynucleotide to at
least one complementary connector polynucleotide.

56. The method of claim 1, wherein the connector poly-
nucleotides and/or the complementary connector polynucle-
otides are provided in batch.

57. The method of claim 1, wherein the connector poly-
nucleotides and/or the complementary connector polynucle-
otides are provided sequentially, and wherein at least some
functional entities provided with the connector polynucle-
otides and/or with the complementary connector polynucle-
otides are reacted before additional connector polynucle-
otides and/or the complementary connector polynucleotides
are provided.

58. The method of claim 57, wherein functional entities are
reacted when a) at least two connector polynucleotides com-
prising at least two functional entities have been provided,
and/or b) at least two complementary connector polynucle-
otides comprising at least two functional entities have been
provided, and/or ¢) when at least one connector polynucle-
otide comprising at least one functional entity and at least one
complementary connector polynucleotide comprising at least
one functional entity have been provided.

59. A method for synthesising a plurality of different
bifunctional molecules each comprising a molecule part
linked to a nucleic acid part, the method comprising the steps
of:

1) providing a plurality of connector polynucleotides each
capable of hybridizing to at least 1 complementary con-
nector polynucleotide,

ii) providing a plurality of complementary connector poly-
nucleotides each capable of hybridizing to at least 1
connector polynucleotide,

iii) hybridizing the plurality of connector polynucleotides
and complementary connector polynucleotides, thereby
forming a plurality of different nucleic acid parts as
hybridisation complexes, each hybridisation complex
comprising at least 2 complementary connector poly-
nucleotides and at least 2 connector polynucleotides,
wherein, for each of said hybridisation complexes, at
least 2 of said complementary connector polynucle-
otides comprise at least 1 functional entity, and at least 1
of said complementary connector polynucleotides
hybridizes to at least 2 connector polynucleotides, and
with the proviso that no single complementary connec-
tor or connector polynucleotide of the hybridisation
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complex hybridizes to all of the remaining complemen-
tary connector or connector polynucleotides of the
hybridisation complex,

iv) reacting at least 2 functional entities of each hybridisa-
tion complex, wherein, for each hybridisation complex,
the reaction of the functional entities results in the for-
mation of a different molecule part comprising a differ-
ent molecule by covalently linking at least 2 functional
entities provided by separate complementary connector
polynucleotides,

thereby providing a plurality of different bifunctional mol-
ecules wherein the nucleic acid part of each bifunctional
molecule comprises nucleotide sequences that identity
the functional entities that covalently reacted to form the
molecule comprised within the molecule part.

60. The method of claim 59 comprising the further step of
selecting molecules having desirable characteristics, wherein
the selection employs a predetermined assaying procedure.

61. The method of claim 59 comprising the further step of
amplifying at least part of the individual connector polynucle-
otides used for the synthesis of a selected molecule, wherein
optionally at least one PCR primer comprises a functional
entity and further optionally also part of the polynucleotide
part of a connector polynucleotide.

62. The method of claim 61 comprising the further step of
contacting a population of said amplified connector poly-
nucleotides, or fragments thereof, with a plurality of comple-
mentary connector polynucleotides.

63. The method of claim 62 comprising the further step of
performing an additional synthesis round using a population
of said amplified connector polynucleotides or a population
of said amplified connector polynucleotide fragments.

64. The method of claim 59 comprising the further steps of
ligating, optionally preceded by a polynucleotide extension
reaction, individual connector polynucleotides, and ligating,
optionally preceded by performing a polynucleotide exten-
sion reaction, individual complementary connector poly-
nucleotides, wherein said ligation results in linking individual
connector polynucleotides and/or individual complementary
connector polynucleotides by covalent bonds.

65. The method of claim 64 comprising the further steps of

a) digesting said ligated connector polynucleotides and
complementary connector polynucleotides,

b) displacing the duplex polynucleotide strands generated
by the ligation reaction, thereby generating single poly-
nucleotide strands of ligated connector polynucleotides
and ligated complementary connector polynucleotides,
and

¢) contacting the single stranded polynucleotides gener-
ated in step b) with a plurality of complementary con-
nector polynucleotides atleast some of which comprises
at least one functional entity comprising a reactive
group.

66. The method of claim 65 comprising the further step of
performing an additional synthesis round, using as starting
materials the population of connector polynucleotides
obtained in step b) of claim 65, and the plurality of comple-
mentary connector polynucleotides provided in step c¢) of
claim 65.

67. The method of claim 59, wherein the plurality of
complementary connector polynucleotides comprises from
about 20 to about 10° different complementary connector
polynucleotides.

68. The method of claim 59 comprising the further steps of
linking individual connector polynucleotides by ligation and/
or linking individual complementary connector polynucle-
otides by ligation, synthesising a plurality of different mol-
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ecules by reacting for each hybridization complex reactive
groups of different functional entities, wherein each of said
molecules are linked to a polynucleotide of the hybridization
complex, selecting and/or isolating desirable molecules
linked to a polynucleotide of the hybridization complex by a
predetermined selection procedure, including a binding
assay, isolating from selected and/or isolated hybridization
complexes polynucleotides comprising individual connector
polynucleotides linked by ligation, optionally amplifying
said polynucleotides, digesting said polynucleotides com-
prising individual connector polynucleotides and obtaining a
plurality of connector polynucleotides, and contacting the
plurality of connector polynucleotides generated in step ¢)
with a plurality of complementary connector polynucleotides
at least some of which comprises at least one functional
entity, and performing a second or further round molecule
synthesis using said plurality of connector polynucleotides
and said plurality of complementary connector polynucle-
otides.

69. The method of claim 68, wherein steps a) and b) are
performed sequentially in any order.

70. The method of claim 68, wherein steps a) and b) are
performed simultaneously.

71. The method of claim 68, wherein steps a) and c¢) are
performed sequentially in any order.

72. The method of claim 68, wherein steps a) and c) are
performed simultaneously.

73. The method of claim 59 comprising the further steps of
linking individual connector polynucleotides by ligation and/
or linking individual complementary connector polynucle-
otides by ligation, synthesising a plurality of different mol-
ecules by reacting for each hybridization complex reactive
groups of different functional entities, wherein each of said
molecules are linked to a polynucleotide of the hybridization
complex, selecting and/or isolating desirable molecules
linked to a polynucleotide of the hybridization complex by a
predetermined selection procedure, including a binding
assay, isolating from selected and/or isolated hybridization
complexes polynucleotides comprising individual connector
polynucleotides linked by ligation, optionally amplifying
said polynucleotides, contacting the plurality of polynucle-
otides comprising connector polynucleotides linked by liga-
tion generated in step d) with a plurality of complementary
connector polynucleotides each comprising at least one func-
tional entity, performing a second or further round molecule
synthesis using said plurality of connector polynucleotides
and said plurality of complementary connector polynucle-
otides, and optionally repeating steps ) to f).

74. The method of claim 59, wherein the plurality of syn-
thesised molecules are selected from the group consisting of
a-peptides, [-peptides, y-peptides, w-peptides, mono-, di-
and tri-substituted a.-peptides, -peptides, y-peptides, w-pep-
tides wherein the amino acid residues are in the La-form or in
the fl-form, vinylogous polypeptides, glycopoly-peptides,
polyamides, vinylogous sulfonamide peptides, polysulfona-
mides, conjugated peptides comprising prosthetic groups,
polyesters, polysaccharides, polycarbamates, polycarbon-
ates, polyureas, polypeptidylphosphonates, polyurethanes,
azatides, oligo N-substituted glycines, polyethers, ethoxyfor-
macetal oligomers, poly-thioethers, polyethylene glycols
(PEG), polyethylenes, polydisulfides, polyarylene sulfides,
polynucleotides, PNAs, LNAs, morpholinos, oligo pyrroli-
nones, polyoximes, polyimines, polyethyleneimines, poly-
imides, polyacetals, polyacetates, polystyrenes, polyvinyl,
lipids, phospholipids, glycolipids, polycyclic compounds
comprising e.g. aliphatic or aromatic cycles, including poly-
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heterocyclic compounds, proteoglycans, and polysiloxanes,
including any combination thereof,
wherein each molecule is synthesised by reacting a plural-
ity of functional entities preferably in the range of from
2 to 200,
wherein the functional entities of the above molecules can
be linked by a chemical bond selected from the group of
chemical bonds consisting of peptide bonds, sulfona-
mide bonds, ester bonds, saccharide bonds, carbamate
bonds, carbonate bonds, urea bonds, phosphonate
bonds, urethane bonds, azatide bonds, peptoid bonds,
ether bonds, ethoxy bonds, thioether bonds, single car-
bon bonds, double carbon bonds, triple carbon bonds,
disulfide bonds, sulfide bonds, phosphodiester bonds,
oxime bonds, imine bonds, imide bonds, including any
combination thereof,
or wherein the backbone structure of a synthesised mol-
ecule preferably comprises or essentially consists of one
or more molecular group(s) selected from —NHN(R)

C0-; —NHB(R)CO—; — NHC[RR)CO—; —NHC
(—CHR)CO—; —NHCH,CO—;
— NHCH,CHRCO—; — NHCHRCH,CO—;
—COCH,—; —COS—; —CONR—; —COO—;
~ CSNH_; — CH,NH —; — CH,CH, — —CH,S—;
~CH,SO0—; _—CH,S0, ; —CH(CH,)S
~CH—CH; —NHCO—; — NHCONH ;
~CONHO—; —C(—CH,)CH,; —PONH

—PO,CH,—;—PO,CH,N*—; —SO,NH™—; and lac-
tams, including any combination thereof.

75. The method of claim 59, wherein said method results in
the synthesis of more than or about 10° different molecules.

76. A bifunctional molecule comprising a molecule part
linked to a nucleic acid part, wherein

the molecule part comprises a molecule formed from the

covalent reaction of two or more different functional
entities, wherein

the nucleic acid part comprises a hybridization complex

formed by the hybridization between at least two con-

nector polynucleotides and at least two complimentary

connector polynucleotides and wherein the nucleic acid

part comprises nucleotide sequences that identify the

different functional entities that reacted to form the mol-

ecule, wherein

at least two of the connector polynucleotides are linked
to the molecule part, wherein

at least one of the connector polynucleotides linked to
the molecule part hybridizes to at least two comple-
mentary connector polynucleotides, and

with the proviso that no single connector or complemen-
tary connector polynucleotide of the hybridization
complex hybridizes to all of the remaining connector
or complementary connector polynucleotides of the
hybridization complex.

77. The bifunctional molecule according to claim 76 com-
prising at least n connector polynucleotides and at least n-1
complementary connector polynucleotides, n being an inte-
ger of from 3 to 6, wherein each complementary connector
polynucleotide hybridizes to at least 2 connector polynucle-
otides.

78. The bifunctional molecule according to claim 77,
wherein n is 3 or 4.

79. The bifunctional molecule according to claim 76 com-
prising at least n connector polynucleotides and at least n
complementary connector polynucleotides, n being an inte-
ger of from 3 to 6, and wherein at least n—1 complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.
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80. The bifunctional molecule according to claim 79,
wherein n complementary connector polynucleotides hybrid-
ize to at least 2 connector polynucleotides.

81. The bifunctional molecule according to claim 79,
wherein n is 3 or 4.

82. The bifunctional molecule according to claim 76 com-
prising at least n connector polynucleotides and at least n+1
complementary connector polynucleotides, n being an inte-
ger of from 3 to 6, and wherein at least n—1 complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

83. The bifunctional molecule according to claim 82,
wherein n complementary connector polynucleotide hybrid-
ize to at least 2 connector polynucleotides.

84. The bifunctional molecule according to claim 82,
wherein n is 3 or 4.

85. The bifunctional molecule according to claim 76 com-
prising at least n connector polynucleotides and at least n+2
complementary connector polynucleotides, n being an inte-
ger of from 3 to 6, and wherein at least n—1 complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

86. The bifunctional molecule according to claim 85,
wherein n complementary connector polynucleotide hybrid-
ize to at least 2 connector polynucleotides.

87. The bifunctional molecule according to claim 85,
wherein n is 3 or 4.

88. The bifunctional molecule according to claim 76 com-
prising at least n connector polynucleotides and at least n+3
complementary connector polynucleotides, n being an inte-
ger of from 3 to 6, and wherein at least n—1 complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

89. The bifunctional molecule according to claim 88,
wherein n complementary connector polynucleotide hybrid-
ize to at least 2 connector polynucleotides.

90. The bifunctional molecule according to claim 88,
wherein n is 3 or 4.

91. The bifunctional molecule according to claim 76 com-
prising at least n connector polynucleotides and at least n+4
complementary connector polynucleotides, n being an inte-
ger of from 3 to 6, and wherein at least n—1 complementary
connector polynucleotide hybridize to at least 2 connector
polynucleotides.

92. The bifunctional molecule according to claim 91,
wherein n complementary connector polynucleotide hybrid-
ize to at least 2 connector polynucleotides.

93. The bifunctional molecule according to claim 91,
wherein n is 3 or 4.

94. The bifunctional molecule according to claim 76,
wherein said at least two connector polynucleotides com-
prises branched connector polynucleotides, wherein at leastn
branched connector polynucleotides and at least n comple-
mentary connector polynucleotides are provided, n being an
integer of from 2 to 6, and wherein at least n-1 complemen-
tary connector polynucleotide hybridize to at least 2 branched
connector polynucleotides.

95. The bifunctional molecule according to claim 94 com-
prising at least n+1 complementary connector polynucle-
otides.

96. The bifunctional molecule according to claim 94,
wherein at least n complementary connector polynucleotides
hybridize to at least 2 branched connector polynucleotides.

97. The bifunctional molecule according to claim 96,
wherein at least n+1 complementary connector polynucle-
otide hybridize to at least 2 connector polynucleotides.
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98. The bifunctional molecule according to claim 94,
wherein n is 3 or 4.

99. A composition or plurality of bifunctional molecules
according to claim 76.

100. The composition or plurality according to claim 99
comprising at least about 10° different bifunctional mol-
ecules.

101. The bifunctional molecule according to claim 76,

wherein the said molecule part is selected from the group
consisting of a-peptides, -peptides, y-peptides, w-pep-
tides, vinylogous polypeptides, glycopoly-peptides,
polyamides, vinylogous sulfonamide peptides, polysul-
fonamides, conjugated peptides comprising prosthetic
groups; polyesters, polysaccharides, polycarbamates,
polycarbonates, polyureas, polypeptidylphosphonates,
polyurethanes, azatides, oligo N-substituted glycines,
polyethers, ethoxyformacetal oligomers, poly-thioet-
hers, polyethylene glycols (PEG), polyethylenes, poly-
disulfides, polyarylene sulfides, polynucleotides, PNAs,
LNAs, morpholinos, oligo pyrrolinones, polyoximes,
polyimines, polyethyleneimines, polyimides, polyac-
etals, polyacetates, polystyrenes, polyvinyl, lipids,
phospholipids, glycolipids, polycyclic compounds com-
prising aliphatic or aromatic cycles; proteoglycans, and
polysiloxanes, and any combination thereof.

102. The bifunctional molecule according to claim 76,
wherein the molecule part comprises a cyclic sequence of
functional entities.

103. The bifunctional molecule according to claim 76,
wherein each functional entity comprises one or more amino
acid residues.

104. The bifunctional molecule according to claim 76,
wherein the molecule part comprises a small molecule having
a molecular weight of less than 1000 Daltons.

105. A method for selecting at least one bifunctional mol-
ecule from the composition of bifunctional molecules accord-
ing to claim 99, said method comprising the steps of

a)targeting a plurality of bifunctional molecules to a poten-
tial binding partner, and

b) selecting or identifying at least one of said bifunctional
molecules having an affinity for said binding partner.

106. The method of claim 105, wherein the identification of
the bifunctional molecule comprises the steps of decoding the
nucleic acid sequence of isolated connector polynucleotides
to reveal the identity of functional entities that have partici-
pated in the formation of the molecule(s) having an affinity
for said binding partner.

107. A method for evolving a plurality of bifunctional
molecules according to claim 76, said method comprising the
steps of

a) selecting at least one bifunctional molecule,

b) isolating connector polynucleotides, or fragments of
such polynucleotides, from said bifunctional molecule,

¢) providing a plurality of complementary connector poly-
nucleotides,

d) hybridising said isolated connector polynucleotides and
said plurality of complementary connector polynucle-
otides,

e) reacting functional entities of said complementary con-
nector polynucleotides,

f) optionally repeating any combination of the aforemen-
tioned steps, and

g) evolving a plurality of bifunctional molecules each com-
prising a different molecule comprising covalently
linked functional entities.
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108. A method for synthesising at least one bifunctional
molecule comprising a molecule part linked to a nucleic acid
part, said method comprising the steps of

1) providing at least 4 building block polynucleotides each
capable of hybridizing to at least 1 other building block
polynucleotide and wherein at least two of said building
block polynucleotides comprise at least one functional
entity,

a)
b)
<)
ii) forming the nucleic acid part as a hybridization complex
comprising the at least 4 building block polynucleotides,
wherein at least 2 of said building block polynucleotides
comprise atleast 1 functional entity, wherein at least 1 of
said building block polynucleotide hybridizes to at least
2 other building block polynucleotides, and with the
proviso that no single building block polynucleotide of
the hybridization complex hybridizes to all of the
remaining building block polynucleotides of the hybrid-
ization complex,
iii) synthesising a molecule of the molecule part by
covalently reacting the at least 2 functional entities;
thereby providing the at least one bifunctional molecule
wherein the nucleic acid part of the bifunctional mol-
ecule comprises nucleotide sequences that identify
the functional entities that covalently reacted to form
the molecule of that bifunctional molecule.
109. The method of claim 108, comprising the steps of
i) providing m building block polynucleotides selected
from the group consisting of
building block polynucleotides comprising at least 1
functional entity, and

building block polynucleotides comprising at least 1
spacer region and no functional entity,

wherein m is an integer of at least 4 and less than 200,
i) hybridizing the m building block polynucleotides to
form a hybridization complex,
wherein at least 2 of said building block polynucleotides
comprise at least 1 functional entity,

wherein at least 1 of said building block polynucleotides
hybridizes to at least 2 other building block poly-
nucleotides,

with the proviso that no single building block polynucle-
otide hybridizes to the remaining m-1 building block
polynucleotides,

iii) reacting at least 3 functional entities,
wherein the reaction of said functional entities results in

the formation of the molecule by covalently linking at
least 2 functional entities provided by separate build-
ing block polynucleotides.

110. The method of claim 109, wherein m is 4, and wherein
the complex comprises

1) p building block polynucleotides comprising at least 1
functional entity, q building block polynucleotides com-
prising at least 1 functional entity, and

iii) r building block polynucleotides comprising at least 1
spacer region and no functional entity,

wherein p+q+r is 4,

wherein p is an integer from 2 to 4,

wherein q is an integer from 0 to 2,

wherein the sum of p and q is 4 or less, and

wherein the value of r is given by r=4-(p+q).

111. The method of claim 110, wherein the sum of q and r
is at least 1.
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112. The method of claim 109, wherein m is 6, and wherein
the complex comprises
1) p building block polynucleotides comprising at least 1
functional entity,
i1) q building block polynucleotides comprising at least 1
functional entity, and
iii) r building block polynucleotides comprising at least 1
spacer region and no functional entity,
wherein p+q+r is 6,
wherein p is an integer from 2 to 6,
wherein q is an integer from O to 4,
wherein the sum of p and q is 6 or less, and
wherein the value of r is given by r=6—-(p+q).
113. The method of claim 109, wherein m is 8, and wherein
the complex comprises
1) p building block polynucleotides comprising at least 1
functional entity,
i1) q building block polynucleotides comprising at least 1
functional entity, and
iii) r building block polynucleotides comprising at least 1
spacer region and no functional entity,
wherein p+q+r is 8,
wherein p is an integer from 3 to 8,
wherein q is an integer from O to 5,
wherein the sum of p and q is 8 or less, and
wherein the value of r is given by r=8-(p+q).
114. The method of claim 109, wherein at least 3 of said
building block polynucleotides comprise at least 1 functional
entity,
wherein the number of building block polynucleotides
hybridizing to at least 2 other building block polynucle-
otides is in the range of from 1 to m,
with the proviso that no single building block polynucle-
otide hybridises to the remaining m-1 building block
polynucleotides.
115. A method for synthesising a plurality of different
bifunctional molecules each comprising a molecule part
linked to a nucleic acid part, said method comprising the steps
of
1) providing a plurality of at least 1000 different building
block polynucleotides each comprising at least one
functional entity,
i1) selecting or providing from said plurality of building
block polynucleotides, n different building block poly-
nucleotides for the synthesis of a different molecule of
the molecule part, whereinn is an integer of atleast 4 and
less than 200,
iii) optionally further providing a plurality of building
block polynucleotides selected from the group consist-
ing of building block polynucleotides comprising at
least 1 functional entity and building block polynucle-
otides having no functional entity,
iv) hybridizing at least the selected or provided n building
block polynucleotides to form the nucleic acid part as a
hybridization complex,
wherein at least n of said building block polynucleotides
comprise at least 1 functional entity,

wherein at least 1 of said building block polynucleotides
hybridizes to at least 2 other building block poly-
nucleotides,

with the proviso that no single building block polynucle-
otide hybridizes to the remaining n—1 building block
polynucleotides, and

v) covalently reacting the at least n functional entities,
wherein the covalent reaction of said functional entities
provided by separate building block polynucleotides
results in the formation of at least one molecule, wherein
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the at least one molecule is linked to at least one building
block polynucleotide, and repeating the steps ii) to v) for
different selections or provisions of building block poly-
nucleotides each comprising at least one functional
entity, thereby generating a plurality of different bifunc-
tional molecules wherein the nucleic acid part of the
bifunctional molecule comprises nucleotide sequences
that identify the functional entities that covalently
reacted to form the molecule of that bifunctional mol-
ecule.
116. The method of claim 115 comprising the further steps
of targeting the plurality of bifunctional molecules obtained
from the method of claim 115 to at least one binding partner
for at least one of said molecule parts of said bifunctional
molecules, selecting at least one bifunctional molecule hav-
ing an increased affinity for said binding partner, and identi-
fying the molecule part of the bifunctional molecule by
decoding the polynucleotide part of the plurality of building
block polynucleotides forming the hybridisation complex of
said bifunctional molecule.
117. The method of claim 116 comprising the further step
of'improving the binding of'said molecule part to said binding
partner, said improvement comprising the steps of isolating
building block polynucleotides from the isolated bifunctional
molecule, optionally separating building block polynucle-
otides into fractions depending on whether or not they have
donated a reactant to the synthesis of the at least one mol-
ecule, hybridising some or all of said isolated building block
polynucleotides with a plurality of building block polynucle-
otides each comprising at least one reactant, forming a plu-
rality of second or further bifunctional molecules by reacting
said reactants and linking said molecules to at least one build-
ing block polynucleotide of their respective hybridisation
complexes, targeting said plurality of second or further
bifunctional molecules to at least one target comprising a
conceivable binding partner for the molecule parts of said
plurality of bifunctional molecules, and selecting bifunc-
tional molecules having improved binding affinities for said
at least one target.
118. A bifunctional molecule comprising a molecule part
linked to a nucleic acid part, wherein
the molecule part comprises a molecule formed by a cova-
lent reaction of different functional entities, and wherein

the nucleic acid part comprises a hybridization complex of
at least four building block polynucleotides, each build-
ing block polynucleotide comprising a nucleotide
sequence that identifies a functional entity that reacted to
form the molecule, wherein

atleast two of the building block polynucleotides hybridize

to at least two of the other building block polynucle-
otides, wherein
the building block polynucleotides are not linked by cova-
lent bonds when the functional entities have reacted to
form the molecule of the molecule part, and wherein

the reacted functional entities are not all linked by, or do not
all form, phosphodiester bonds,

with the proviso that no single building block polynucle-

otide of the hybridization complex hybridizes to all of
the remaining building block polynucleotides of the
hybridization complex.

119. The bifunctional molecule according to claim 118,
wherein the molecule part comprises a cyclic sequence of
functional entities.

120. The bifunctional molecule according to claim 118,
wherein each functional entity comprises one or more amino
acid residues.
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121. The bifunctional molecule according to claim 118,
wherein the molecule part comprises a small molecule having
a molecular weight of less than 1000 Daltons.
122. A bifunctional molecule comprising a single molecule
part linked to a nucleic acid part, wherein
the molecule part comprises a molecule formed by a cova-
lent reaction of different functional entities, and wherein

the nucleic acid part comprises a hybridization complex of
at least two connector polynucleotides hybridized to at
least two complementary connector polynucleotides
and wherein the nucleic acid part comprises nucleotide
sequences that identify the different functional entities
that reacted to form the molecule, wherein
at least one connector polynucleotide hybridizes to two
complementary connector polynucleotides and wherein
at least one complementary connector polynucleotide
hybridizes to two connector polynucleotides, wherein

said connector polynucleotides are not linked by covalent
bonds when the functional entities have reacted to form
the molecule of the molecule part, wherein

the molecule part is covalently linked to at least one com-

plimentary connector polynucleotide of the nucleic acid
part, and wherein

the reacted functional entities are not all linked by, or do not

all form, phosphodiester bonds,
with the proviso that no single connector or complimentary
connector polynucleotide of the hybridization complex
hybridizes to all of the remaining connector or compli-
mentary connector polynucleotides of the hybridization
complex.
123. A bifunctional molecule comprising a molecule part
linked to a nucleic acid part, wherein
the molecule part comprises a molecule formed by a cova-
lent reaction of different functional entities, and wherein

the nucleic acid part comprises a hybridization complex of
at least two connector polynucleotides hybridized to at
least two complementary connector polynucleotides
and wherein the nucleic acid part comprises nucleotide
sequences that identify the different functional entities
that reacted to form the molecule, wherein
at least one connector polynucleotide hybridizes to two
complementary connector polynucleotides and wherein
at least one complementary connector polynucleotide
hybridizes to two connector polynucleotides, wherein

said complementary connector polynucleotides are not
linked by covalent bonds when the functional entities
have reacted to form the molecule of the molecule part,
wherein
the molecule part is covalently linked to at least one con-
nector polynucleotide or complimentary connector
polynucleotide of the nucleic acid part, and wherein

the reacted functional entities are not all linked by, or do not
all form, phosphodiester bonds,

with the proviso that no single connector or complimentary

connector polynucleotide of the hybridization complex
hybridizes to all of the remaining connector or compli-
mentary connector polynucleotides of the hybridization
complex.

124. The bifunctional molecule according to claim 123,
wherein the molecule part comprises a cyclic sequence of
functional entities.

125. The bifunctional molecule according to claim 123,
wherein the functional entities comprise amino acid residues.

126. The bifunctional molecule according to claim 123,
wherein the molecule part comprises a small molecule having
a molecular weight of less than 1000 Daltons.
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127. A bifunctional molecule comprising a molecule part
linked to a nucleic acid part, wherein
the molecule part comprises a molecule formed by a cova-
lent reaction of different functional entities, and wherein

the nucleic acid part comprises a hybridization complex of
at least two connector polynucleotides hybridized to at
least two complementary connector polynucleotides
and wherein the nucleic acid part comprises nucleotide
sequences that identify the different functional entities
that reacted to form the molecule, wherein

at least one connector polynucleotide hybridizes to two

complementary connector polynucleotides and wherein
at least one complementary connector polynucleotide
hybridizes to two connector polynucleotides, wherein
the molecule part is covalently linked to at least one con-
nector polynucleotide or complimentary connector
polynucleotide of the nucleic acid part, wherein
said connector polynucleotides and said complementary
connector polynucleotides are not linked by covalent
bonds when the functional entities have reacted to form
the molecule of the molecule part, and wherein

the reacted functional entities are not all linked by, or do not

all form, phosphodiester bonds,

with the proviso that no single connector or complimentary

connector polynucleotide of the hybridization complex
hybridizes to all of the remaining connector or compli-
mentary connector polynucleotides of the hybridization
complex.

128. The bifunctional molecule according to claim 127,
wherein the molecule part comprises a cyclic sequence of
functional entities.

129. The bifunctional molecule according to claim 127,
wherein the functional entities comprise amino acid residues.

130. The bifunctional molecule according to claim 127,
wherein the molecule part comprises a small molecule having
a molecular weight of less than 1000 Daltons.

131. A bifunctional molecule comprising a molecule part
linked to a nucleic acid part, wherein

the molecule part comprises a molecule formed by a cova-

lent reaction of different functional entities,

wherein the nucleic acid part comprises a hybridization

complex of at least four building block polynucleotides,
and wherein the nucleic acid part comprises nucleotide
sequences that identify the different functional entities
that reacted to form the molecule,

wherein at least two of said building block polynucleotides

comprise at least one functional entity, the reaction of
the reactive groups resulting in the formation of the
molecule part;

wherein at least one of the building block polynucleotides

comprising the at least one functional entity hybridizes
to at least two other building block polynucleotides, and
with the proviso that no single building block polynucle-
otide of the hybridization complex hybridizes to all of
the remaining building block polynucleotides.

132. The bifunctional molecule according to claim 131,
wherein at least 3 of said building block polynucleotides
comprise at least one functional entity, the reaction of the
functional entities resulting in the formation of the molecule
part.

133. The bifunctional molecule according to claim 131,
wherein at least 4 of said building block polynucleotides
comprise at least one functional entity, the reaction of the
functional entities resulting in the formation of the molecule
part.



